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(54) WONDER GENERATOR, DIGITAL LINE TESTER COMPRISING THE SAME, AND PHASE 
NOISE TRANSFER CHARACTERISTIC ANALYZER 



(57) A wander generator has a random number sig- 
nal generator unit, a filter unit, a clock generator unit, a 
modulator unit, and a setting unit. The random number 
generator unit sequentially generates random number 
signals comprised of a plurality of bits at a constant 
speed in accordance with a predetermined algorithm. 
The filter unit receives a random number signal se- 



quence generated by the random number signal gener- 
ator unit for filtering. The clock generator unit generates 
a clock signal. The modulator unit modulates the fre- 
quency of clock signal generated by the clock generator 
unit with a signal output from the filter unit. The setting 
unit applies the filter unit with a signal for setting each 
amplitude value of a spectrum of a signal sequence out- 
put from the filter unit. 
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Description 

Technical Field 

[0001 ] The present invention relates to a wander gen- 
erator, and a digital line tester and a phase noise transfer 
characteristic analyzer using the same, and more par- 
ticularly, to a wander generator which generates a clock 
signal having wander, and a digital line tester and a 
phase noise transfer characteristic analyzer using the 
same. 

[0002] Among them, the phase noise transfer charac- 
teristic analyzer is particularly related to a phase noise 
transfer characteristic analyzer for analyzing a transfer 
characteristic for a signal having phase noise associat- 
ed with a device which transmits a clock signal or a dig- 
ital signal, wherein the phase noise transfer character- 
istic analyzer employs a technique for properly evaluat- 
ing a phase noise transfer characteristic of a device un- 
der analysis in a short measuring time. 

Background Art 

[0003] As is well known, a digital signal transmitted 
over a digital line is affected by noise or the like on a 
transmission path to experience fluctuating phase. 
[0004] In the fluctuations of the phase, components 
in the fluctuations at frequencies higher than 10 Hz are 
referred to as jitter, and components lower than 1 0 Hz 
as wander. 

[0005] As such phase fluctuations become larger, the 
line cannot correctly transmit a digital signal thereon, re- 
sulting in larger code errors. 

[0006] It is therefore necessary to measure jitter and 
wander for evaluating a digital line. 
[0007] Among them, as an evaluation method asso- 
ciated with the wander, a time deviation (hereinafter 
designated as TDEV) is known. 

[0008] The measurement of TDEV involves sequen- 
tially finding a phase difference Tl E (Time I nterval Error) 
between a clock signal component of a digital signal in- 
cluding wander and a reference clock signal as a chang- 
ing amount with respect to its initial phase difference, 
and calculating the following equation based on this TIE 
data. 

TDEV(x) = {(1/6n 2 ) (1/m) - j=1 Z m 
[|=j S " H ( X i + 2n-2x i - n +X i )] 2 } 1 ' 2 

where m = N-3n+1 ; Xj is TIE sample data; N is the total 
number of samples, x is an integration time (x=n • x 0), 
n is a sampling number (n-1 , 2, N/3), xO is a sampling 
period, a symbol j =1 Z m is a sum of j = 1 - m; and a 
symbol i= j£ n+j " 1 is a sum of i = j - n+j-1 ■ 
[0009] TDEV(t) is found based on all TIE data over a 



measuring time 12 times a maximum integration time. 
[0010} For example, for finding TDEV(1000) for % * 
1 000 seconds when the sampling period x 0 is 1/80 sec- 
onds (12.5 milliseconds), the above equation is solved 

5 using measurement data over 1 2000 seconds (80 sam- 
ples/second x 1000 seconds x 12 = 960000 samples). 
[0011] For evaluating a digital line using this TDEV, 
there is known a method which involves inputting a dig- 
ital signal without phase fluctuations at one terminal of 

10 a line under testing and measuring the TDEV at the oth- 
er terminal. 

[0012] Also, there is another method which involves 
inputting a digital signal synchronized with a clock signal 
having wander to a line under testing, measuring an er- 

15 ror rate of the digital signal at the other end, while chang- 
ing the magnitude and frequency of the wander, and in- 
vestigating the tolerance of the line against the magni- 
tude and frequency of the wander. 
[001 3] For evaluating a line under testing using a dig- 

20 ital signal including wander, as in the latter method, a 
wander generator is used for generating a clock signal 
having phase fluctuations at 1 0 Hz or lower. 
[0014] FIG. 50 is a block diagram illustrating the con- 
figuration of a conventional wander generator 10. 

25 [001 5] In this wander generator 1 0, a modulation sig- 
nal for modulating a phase lowerthan 1 0 Hz output from 
a modulation signal generator 11 and a reference volt- 
age output from a reference voltage generator are add- 
ed by an adder 1 3. 

30 [0016] Then, in this wander generator 10, the output 
of the adder 1 3 is input to a VCO (voltage controlled os- 
cillator) 14 to generate a clock signal CK which has a 
center frequency corresponding to the reference volt- 
age and phase modulated by the modulation signal. 

35 [0017] This wander generator 10 can vary the fre- 
quency and magnitude of the clock signal CK by varying 
the frequency and amplitude of the modulation signal 
output from the modulation signal generator 11 . 
[0018] In recent years, there has been proposed a 

40 method which evaluates a digital line using a digital sig- 
nal that has wander which is referred to a TDEV mask 
(Mask) and satisfies a TDEV characteristic defined by 
ANSI (American National Standards Institute) or the 
[ike. 

45 [0019] The TDEV mask has a characteristic M1 (Sec- 
tion 7.22 in ANSI T1. 101-1994, Section D.2.2.1 in 
105-03-1994, and the like) which is constant until a cer- 
tain integration time x 1 , and increases in proportion to 
x 1/2 in a range exceeding the integration time x 1 , as 

50 illustrated in FIG. 51 A. 

[0020] Also, this TDEV mask has a characteristic M2 
(Section 7.3.2 in ANSI T1 . 1 01 -1 994, Section D.2.1 and 
Section D.2.2.2 in 105-03-1994) which is constant until 
a certain integration time x 1 , increases in proportion to 

55 t 1 in a range of the integration time from x 1 to x 2, and 
increases in proportion to x 1/2 in a range exceeding the 
integration time x 2, as illustrated in FIG. 51 B, and the 
like. 
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[0021] However, since the conventional wander gen- 
erator 1 0 as described above can only phase modulate 
a single signal, it encounters difficulties in generating a 
clock signal which satisfies the TDEV characteristic that 
varies in each integration time range as described 
above. 

[0022] It is therefore desired to realize in this type of 
field a wander generator which is capable of generating 
a clock signal having wander of desired characteristic 
that satisfies an arbitrary TDEV mask characteristic, and 
a digital line tester using this wander generator. 
[0023] As described above, a transmission system for 
transmitting a clock and data cannot correctly restore 
data if a transmitted signal has larger phase noise 
(phase fluctuations). 

[0024] For this reason, it is necessary to examine a 
transfer characteristic for a signal having phase noise 
for manufacturing or maintaining devices for use in this 
type of transmission system. 

[0025] As mentioned above, in the fluctuations of the 
phase, components in the fluctuations at frequencies 
higher than 10 Hz are referred to as jitter, and compo- 
nents lower than 1 0 Hz as wander. 
[0026] As such, jitter and wander are collectively re- 
ferred herein to as phase noise. 

[0027] Also, here, the phase noise is not a periodic 
function signal such as a single sinusoidal signal or the 
like which has a constant frequency and amplitude, but 
a noise signal which has a frequency characteristic over 
a wide band. 

[0028] Generally, the characteristics of phase noise 
are represented by: 

(a) TDEV (Time DEViation); 

(b) TIErms (Root Mean Square Time Interval Error); 

(c) MADEV (Modified Allan DEViation); 

(d) ADEV (Allan DEViation); and the like. 

[0029] In recent years, these characteristics are being 
standardized. 

[0030] Therefore, for evaluating the phase noise 
transfer characteristic for a device, it is necessary to use 
a test signal having jitter and wander that conform to 
these standardized characteristics. 
[0031] Specifically, it is necessary to input a test signal 
having jitter and wander of predetermined characteris- 
tics to a device under analysis, and examine how a 
phase noise characteristic resulting from a measure- 
ment of the phase noise characteristic of the output 
changes with respect to the standardized characteris- 
tics. 

[0032] For analyzing such phase noise transfer char- 
acteristic, a phase noise transfer characteristic analyzer 
100 as illustrated in FIG. 52 has been conventionally 
used. 

[0033] This phase noise transfer characteristic ana- 
lyzer 100 comprises characteristic specifying means 
111 for specifying an arbitrary phase noise characteristic 



including the aforementioned standardized characteris- 
tic; parameter calculating means 112 for calculating pa- 
rameters required to generate a test signal having the 
specified phase noise characteristic; test signal gener- 
5 ating means 113 for generating a test signal having a 
phase noise characteristic corresponding to the calcu- 
lated parameters and outputting the test signal from an 
output terminal 100a; phase noise characteristic meas- 
uring means 114 which receives through an input termi- 
10 nal 100a an output signal of a device 1 under analysis 
which has received the test signal output from the output 
terminal 100a for measuring its phase noise character- 
istic; and display means 115 for displaying the phase 
noise characteristic specified by the characteristic spec- 
is ifying means 111 and the phase noise characteristic 
measured by the phase noise characteristic measuring 
means 114 in such a manner that they can be compared 
with each other. 

[0034] Next, description is made on an analysis made 
20 on a transfer characteristic for TDEV of wander using 
the phase noise transfer characteristic analyzer 1 00. 
[0035] For example, as illustrated in FIG. 53, as a 
characteristic R of TDEV which has a slope which 
changes on boundaries located at integration times t 1 
25 and t 2 is specified by the characteristic specifying 
means 111 , the parameter setting means 12 calculates 
parameters corresponding to the characteristic R for 
setting in the test signal generating means 113. 
[0036] Then, the test signal generating means 113 
30 generates a test signal St with a phase noise character- 
istic determined by the parameters, and outputs the test 
signal St to the device 1 under analysis through the out- 
put terminal 100a. 

[0037] An output signal Sr of the device 1 under anal- 

35 ysis, which has received the test signal St, is input to 
the phase noise characteristic measuring means 114 
through the input terminal 1 00b to measure a charac- 
teristic M of TDEV of the signal Sr. 
[0038] Then, as illustrated in FIG. 54, the character- 

40 istic R specified by the characteristic specifying means 
111 and the characteristic M measured by the phase 
noise characteristic measuring means 114 are dis- 
played on the display means 115. 
[0039] It is therefore possible to evaluate the wander 

45 transfer characteristic of the device 1 under analysis by 
comparing the two characteristics, displayed on the dis- 
play means 115, with each other. 
[0040] However, in this case, the phase noise char- 
acteristic of the test signal St input to the device 1 under 

so analysis cannot actually be matched completely with the 
characteristic R specified by the characteristic specify- 
ing means 111. 

[0041] Specifically, as illustrated in FIG. 53, the char- 
acteristic R generally used for evaluating phase noise 
55 is a theoretical characteristic, the slope of which is indi- 
cated by a folded line which discontinuously varies. 
[0042] It is therefore extremely difficult to realize such 
a theoretical characteristic with an actual electronic cir- 
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cuit. 

[0043) For this reason, the test signal St actually ©tit- 
put from the test signal generating means 111 has a 
characteristic which has the slope changing portions of 
the characteristic R approximated by curves as R' in s 
FIG. 53. 

[0044] As such , for comparing the characteristics dis- 
played on the display means 1 5, the operator himself 
must make an analysis in consideration of an error in 
the characteristic due to the approximation, so that a 10 
precise comparison is extremeiy difficult to achieve. 
[0045] To solve this problem, the output terminal 100a 
has been previously connected directly to the input ter- 
minal 100b, as indicated by a broken line in FIG. 52, to 
measure the phase noise characteristic of the test signal *s 
St by the phase noise characteristic measuring means 
114. 

[0046] Then, it is contemplated that an approximation 
error has been found for the phase noise characteristic 
of the test signal St and a characteristic specified by the 20 
characteristic specifying means 112, such that a phase 
noise characteristic derived when the device 1 under 
analysis is measured is corrected by the approximation 
error. 

[0047] However, such a method of finding the phase 25 
noise characteristic of the device 1 under analysis after 
finding the phase noise characteristic of the test signal 
requires a double measuring time, so that a waiting time 
until the result of a measurement is output becomes very 
long, particularly, for an analysis of a transfer character- 30 
istic for wander which requires a long measuring time. 

Disclosure of Invention 

[0048] It is an object of the present invention to pro- 35 
vide a wander generator which is capable of readily and 
accurately generating a clock signal having wander of 
desired characteristic, and a digital line tester which us- 
es this wander generator. 

[0049] It is another object of the present invention to 40 
provide a phase noise transfer characteristic analyzer 
which is capable of correctly evaluating a specified char- 
acteristic in a short time, for example, using a wander 
generator which is capable of readily and accurately 
generating a clock signal having wander of desired char- *5 
acteristic. 

[0050] To achieve the above objects, according to the 
present invention, there is provided: 

(1 ) a wander generator comprising: so 

random number generating means (25, 121) for 
sequentially generating a random number sig- 
nal comprised of a plurality of bits at a constant 
rate in accordance with a predetermined algo- ss 
rithm; 

a filter unit (28, 125) for receiving a sequence 
of random number signals output from the ran- 



dom number generating means for performing 
filtering; 

clock generating means (30, 31 , 151) for gen- 
erating a clock signal; 

modulating means (30, 151) for modulating the 
frequency of the clock signal generated by the 
clock signal generator by a signal output from 
the filter unit; and 

setting means (23, 26, 1 30) for setting each am- 
plitude value for a spectrum of a signal se- 
quence output from the filter unit such that the 
characteristic of wander of the clock signal hav- 
ing the frequency modulated by the modulating 
means matches a desired characteristic. 

Also, to achieve the above objects, according 
to the present invention, there is provided: 

(2) the wander generator as set forth in (1 ) which is 
characterized in that: 

the random signal generating means has a plu- 
rality of pseudo random signal generator, 
wherein the plurality of pseudo random signal 
generators combine pseudo random signals 
generated thereby respectively, and random 
number signals comprised of the plurality of bits 
is sequentially generated at a constant speed. 

Also, to achieve the above object, according to 
the present invention, there is provided: 

(3) the wander generator as set forth in (1 ), charac- 
terized in that: 

the filter unit includes a plurality of storage ele- 
ments for storing an input signal sequence 
while sequentially shifting it; and calculating 
means for performing a product sum calcula- 
tion of stored values stored in the plurality of 
storage elements with a plurality of coefficients. 

Also, to achieve the above objects, according 
to the present invention, there is provided: 

(4) the wander generator as set forth in the afore- 
mentioned (3), characterized in that: 

the filter unit is configured to store a random 
number signal sequence output from the ran- 
dom number generating means in the plurality 
of storage elements, perform the product sum 
calculation by means of the calculating means, 
and filter the random number signal sequence, 
wherein the setting means sets the plurality of 
coefficients in the calculating means as signals 
for setting respective amplitude values for 
spectra of the signal sequence output from the 
filter unit. 

Also, to achieve the above objects, according 
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to the present invention, there is provided: 

(5) the wander generator as set forth in the afore- 
mentioned (3), characterized in that: 

the filter unit comprises: 5 

data distributing means (51, 141) for dis- 
tributing the random number signal se- 
quence generated by the random number 
signal generating means into a plurality of 10 
paths having different rates from each oth- 
er; 

weighting means (54, 143) for weighting a 
signal sequence for each of the paths dis- 
tributed by the data distributing means with 15 
a previously set coefficient for each of the 
paths; and 

combining means (56, 145) for combining 
the signal sequences on the respective 
paths weighted by the weighting means by 20 
means of a plurality of sub-band combiners 
comprised of a plurality of storage ele- 
ments and calculating means and for out- 
putting the result of the combination as the 
result of filtering, 25 
wherein the setting means sets the plurality 
of weighting coefficients in the weighting 
means of the filter unit as signals for setting 
respective amplitude values for spectra of 
the signal sequence output from the filter 30 
unit. 

Also, to achieve the above objects, accord- 
ing to the present invention, there is provided: 

35 

(6) the wander generator as set forth in the afore- 
mentioned (4) or (5), characterized by further com- 
prising: 

initial setting means (131) for initially setting 40 
values equivalent to stored values stored in the 
respective storage elements in a steady state 
in which the clock signal having the wander of 
the desired characteristic is being output to the 
respective storage elements included in the fil- 45 
ter unit at least in an initial phase of operation 
of the apparatus through a path different from 
a signal input path in the steady state. 

Also, to achieve the above objects, according so 
to the present invention, there is provided: 

(7) the wander generator as set forth in the afore- 
mentioned (1 ), characterized by further comprising: 

characteristic calculating means (134') for cal- 55 
culating a characteristic of wander in a clock 
signal frequency-modulated by the modulating 
means based on information including a signal 



set in the filter unit from the setting unit; and 
characteristic display means (135) for display- 
ing the characteristic calculated by the charac- 
teristic calculating means. 

Also, to achieve the above objects, according 
to the present invention, there is provided: 

(8) a digital line tester characterized by comprising: 

a wander generator unit (21 , 40) for generating 
a test signal having wander; and 
a wander measuring unit (41 , 43) for evaluating 
a signal passing through a digital line under 
testing from the wander generator unit, 
wherein the wander generator unit includes the 
wander generator set forth in any of the afore- 
mentioned (1) through (7), and is configured to 
output a test signal synchronized with a clock 
signal output from the wander generator. 

Also, to achieve the above object, according to 
the present invention, there is provided: 

(9) a wander generator for generating a clock signal 
having wander which satisfies a desired time devi- 
ation characteristic, characterized by comprising: 

center frequency information setting means 
(22) for setting data for determining a center 
frequency of the clock signal; 
characteristic information setting means (23) 
for setting characteristic information of the de- 
sired time deviation characteristic; 
a fluctuating signal sequence generator unit 
(24) for generating a fluctuating signal se- 
quence having a power spectrum density dis- 
tribution characteristic of frequency fluctua- 
tions corresponding to the desired time devia- 
tion characteristic based on characteristic infor- 
mation set by the characteristic information set- 
ting means; 

an adder (29) for adding data set by the center 
frequency information setting means to the fluc- 
tuating signal sequence output from the fluctu- 
ating signal sequence generator unit; 
a direct digital synthesizer (30) for outputting a 
frequency signal corresponding to an output of 
the adder; and 

a clock signal output circuit (31) for waveform 
shaping an output signal of the direct digital 
synthesizer to output a clock signal. 

Also, to achieve the above object, according to 
the present invention, there is provided: 

(10) the wander generator as set forth in (9) char- 
acterized in that the fluctuating signal sequence 
generator unit comprises: 

noise generating means (25) for generating a 
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white noise signal based on a pseudo random 
signal; 

impulse response processing means (26) for 
calculating an impulse response of a transfer 
function for approximating a power spectrum of s 
a white noise signal output from the noise gen- 
erating means to a power spectrum density dis- 
tribution characteristic of the frequency fluctu- 
ations based on the characteristic information 
set by the characteristic information setting 10 
means; and 

convolution processing means (28) for convo- 
lving the result of the calculation by the im- 
pulse response processing means with the 
white noise signal output from the noise gener- *5 
ating means to generate a fluctuating signal se- 
quence having the power spectrum density dis- 
tribution characteristic of the frequency fluctu- 
ations. 

20 

Also, to achieve the above object, according to 
the present invention, there is provided: 

(1 1 ) the wander generator as set forth in (1 0) char- 
acterized in that the impulse response processing 
means corrects an impulse response with a comae- 25 
tion function corresponding to an error between the 
power spectrum density distribution characteristic 

of the frequency fluctuations and the transfer func- 
tion. 

Also, to achieve the above object, according to so 
the present invention, there is provided: 

(12) the wander generator as set forth in (10) char- 
acterized in that the convolution processing means 
preferentially performs the product sum calculation 

for smaller absolute values of the result of the cal- 35 
culation for the impulse response. 

Also, to achieve the above object, according to 
the present invention, there is provided: 

(1 3) the wander generator as set forth in (1 0) char- 
acterized in that: 40 

the impulse response processing means is 
configured to perform the calculation forthe im- 
pulse response each time a white noise signal 
is output from the noise generating means; and 45 
the convolution processing means performs 
the convolution processing using the result of 
the calculation made each time by the impulse 
response processing means. 

50 

Also, to achieve the above object, according to 
the present invention, there is provided: 

(14) the wander generator as set forth in (9) char- 
acterized in that the fluctuating signal sequence 
generator unit comprises: 55 

noise generating means (25) for generating a 
white noise signal based on a pseudo random 



signal; 

data distributing means (51) for distributing 
noise signals output from the noise generating 
means into signal paths respectively in accord- 
ance with a plurality of bands into which a fre- 
quency range of a power spectrum density dis- 
tribution characteristic of the frequency fluctu- 
ations is divided to output at rates correspond- 
ing to the respective bands; 
weighting means (54) for applying weights in 
accordance with the magnitude of spectrum of 
each of the bands into which the frequency 
band of the power spectrum density distribution 
characteristic is divided forthe noise signals at 
the respective rates distributed by the data dis- 
tributing means; and 

combining means (56) for combining the noise 
signals at the respective rates weighted by the 
weighting means to generate a fluctuating sig- 
nal sequence having the power spectrum den- 
sity distribution characteristic of the frequency 
fluctuations. 

Also, to achieve the above object, according to 
the present invention, there is provided: 

(15) the wander generator as set forth in (10) or(14) 
characterized in that the noise generating means: 

has a plurality (m) of sets of pseudo random 
signal generating means for generating pseudo 
random codes of M sequence at initial phases 
different from one another; and 
is configured to collect outputs at predeter- 
mined stages of the respective pseudo random 
signal generating means to output an m-bit par- 
allel white noise signal. 

Also, to achieve the above object, according to 
the present invention, there is provided: 

(1 6) a digital line tester comprising: 

a wander generator (21) for generating a clock 
signal having wander which satisfies a defined 
time deviation characteristic; 
a transmission unit (40) for sending a digital sig- 
nal synchronized with the clock signal output 
from the wander generator to a digital line under 
testing; 

a reception unit (41 ) for receiving the digital sig- 
nal returned from the digital line under testing 
and restoring a clock signal of the received dig- 
ital signal; 

an error measuring unit (42) for measuring er- 
rors in the digital signal received by the recep- 
tion unit; 

a time deviation measuring unit (43) for meas- 
uring a time deviation characteristic of the clock 
signal, restored by the reception unit; 
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a display device (47); and 
display control means (46) for displaying the re- 
sult of measurements of the error measuring 
unit and the time deviation characteristic meas- 
ured by the time deviation measuring unit on 5 
the display unit such that it can be compared 
with the defined time deviation characteristic. 

Also, to achieve the above objects, according 
to the present invention, there is provided: 10 

(17) the digital line tester as set forth in (16) char- 
acterized in that the wander generator is the wander 
generator set forth in the foregoing (9) through (15). 

Also, to achieve the above object, according to 
the present invention, there is provided: 

( 1 8) a wander generator according to the aforemen- 
tioned invention comprising: 

white noise generating means (121) for gener- 
ating a digital white noise signal; 20 
a filter unit (1 25) having a digital signal for stor- 
ing a digital signal in a plurality of internal stor- 
age elements while sequentially shifting there- 
into and performing product sum calculations 
for the contents stored in the plurality of storage 25 
element for converting a noise signal output 
from the white noise generating means to a 
noise signal of a frequency characteristic cor- 
responding to a previously set characteristic 
coefficient to output the noise signal; 30 
characteristic coefficient setting means (130) 
for setting arbitrary characteristic coefficient in 
the filter unit; 

a multiplier (132) for multiplying a noise signal 
output from the filter unit by an amplitude coef- 35 
ficient; 

amplitude setting means (1 33) for setting an ar- 
bitrary coefficient to the multiplier; 
a frequency synthesizer (51) for outputting a 
clock signal which is phase modulated by a 40 
noise signal output from the multiplier; and 
initial setting means (131) for initially setting a 
noise signal sequence equivalent to the con- 
tents stored in the respective storage elements 
of the digital filter in a state in which a noise 45 
signal of a frequency characteristic corre- 
sponding to the characteristic coefficient is be- 
ing output from the filter unit in the respective 
storage elements of the digital filter at least in 
an initial phase of operation of the apparatus. so 

Also, to achieve the above object, according to 
the present invention, there is provided: 
(19) a wander generator comprising: 

55 

white noise generating means (121) for gener- 
ating a digital white noise signal; 
a filter unit (1 25) having a digital signal for stor- 



ing a digital signal in a plurality of internal stor- 
age elements while sequentially shifting therein 
and performing product sum calculations for 
the contents stored in the plurality of storage 
element for converting a noise signal output 
from the white noise generating means to a 
noise signal of a frequency characteristic cor- 
responding to a previously set characteristic 
coefficient to output the noise signal; 
characteristic coefficient setting means (130) 
for setting arbitrary characteristic coefficient in 
the filter unit; 

a multiplier (132) for multiplying a noise signal 
output from the filter unit by an amplitude coef- 
ficient; 

amplitude setting means (1 33) for setting an ar- 
bitrary coefficient to the multiplier; 
a frequency synthesizer (151) for outputting a 
clock signal which is phase modulated by a 
noise signal output from the multiplier; 
characteristic calculating means (134, 134") for 
calculating a characteristic of a noise signal 
output from the multiplier or a clock signal out- 
put from the frequency synthesizer based on a 
characteristic coefficient set by the character- 
istic coefficient setting means and an amplitude 
coefficient set by the amplitude setting means; 
and 

characteristic display means (135) for display- 
ing the characteristic calculated by the charac- 
teristic calculating means. 

Also, to achieve the above object, according to 
the present invention, there is provided: 
(20) a phase noise transfer characteristic analyzer 
characterized by comprising: 

characteristic specifying means for specifying 
an arbitrary phase noise characteristic; 
parameter calculating means for calculating a 
parameter required to generate a test signal of 
a phase noise characteristic specified by the 
characteristic specifying means; 
test signal generating means for generating a 
test signal having the phase noise characteris- 
tic based on a parameter calculated by the pa- 
rameter calculating means; 
first phase noise characteristic measuring 
means for measuring a phase noise character- 
istic of the test signal generated by the test sig- 
nal generating means; 

an output terminal for outputting the test signal 
generated by the test signal generating means 
to an external device under analysis; 
an input terminal for inputting a signal output 
from the device under analysis which has re- 
ceived the test signal; 

second phase noise characteristic measuring 
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means for measuring a phase noise character- 
istic of a signal input from the input terminal in 
parallel with the measurement of the phase 
noise characteristic for the test signal by the 
first phase noise characteristic measuring s 
means; 

approximation error calculating means for cal- 
culating a difference between the phase noise 
characteristic specified by the characteristic 
specifying means and the phase noise charac- 10 
teristic measured by the first phase noise char- 
acteristic measuring means as an approxima- 
tion error; and 

virtual characteristic calculating means for cal- 
culating a virtual phase noise characteristic of is 
a signal output when assuming that the device 
under analysis has received a test signal of the 
phase noise characteristic specified by the 
characteristic specifying means, 
thereby making it possible to know the differ- 20 
ence between the phase noise characteristic 
specified by the characteristic specifying 
means and the virtual phase noise characteris- 
tic calculated by the virtual characteristic calcu- 
lating means. 25 

Also, to achieve the above object, according to 
the present invention, there is provided: 
(21) a phase noise transfer characteristic analyzer 
characterized by comprising: 30 

characteristic specifying means for specifying 
an arbitrary phase noise characteristic; 
parameter calculating means for calculating a 
parameter required to generate a test signal of 35 
a phase noise characteristic specified by the 
characteristic specifying means; 
test signal generating means for generating a 
test signal having the phase noise characteris- 
tic based on a parameter calculated by the pa- 40 
rameter calculating means; 
phase noise characteristic calculating means 
for calculating a phase noise characteristic of 
the test signal generated by the test signal gen- 
erating means; 45 
an output terminal for outputting the test signal 
generated by the test signal generating means 
to an external device under analysis; 
an input terminal for inputting a signal output 
from the device under analysis which has re- so 
ceived the test signal; 

phase noise characteristic measuring means 
for measuring a phase noise characteristic of a 
signal input from the input terminal; 
approximation error calculating means for cal- 55 
culating a difference between the phase noise 
characteristic specified by the characteristic 
specifying means and the phase noise charac- 



teristic measured by the phase noise charac- 
teristic measuring means as an approximation 
error; and 

virtual characteristic calculating means for cor- 
recting the phase noise characteristic meas- 
ured by the second phase noise characteristic 
measuring means with the approximation error 
calculated by the approximation error calculat- 
ing means to calculate a virtual phase noise 
characteristic of a signal output when assuming 
that the device under analysis has received a 
test signal of the phase noise characteristic 
specified by the characteristic specifying 
means, 

thereby making it possible to know the differ- 
ence between the phase noise characteristic 
specified by the characteristic specifying 
means and the virtual phase noise characteris- 
tic calculated by the virtual characteristic calcu- 
lating means. 

Brief Description of Drawings 

[0051] 

FIG. 1 is a block diagram generally illustrating the 
configuration of one embodiment of a wander gen- 
erator according to the present invention, and a dig- 
ital line tester using the same; 
FIG. 2 is a block diagram illustrating the configura- 
tion of a main portion in FIG. 1 ; 
FIG. 3 is a diagram illustrating a power spectrum 
density distribution characteristic for explaining the 
principles of the wander generator according to the 
present invention; 

FIG. 4 is a diagram illustrating a relative power 
spectrum density distribution characteristic for ex- 
plaining the principles of the wander generator ac- 
cording to the present invention; 
FIG. 5 is a block diagram illustrating the configura- 
tion of a main portion in FIG. 1 ; 
FIG. 6 is a diagram illustrating the circuit configura- 
tion of a main portion in FIG. 1 ; 
FIG. 7 is a diagram illustrating the circuit configura- 
tion of a main portion in FIG. 1 ; 
FIG. 8 is a diagram illustrating an impulse response 
for explaining the operation of a main portion in FIG. 
1; 

FIG. 9 is a diagram illustrating the circuit configura- 
tion of a main portion in FIG. 1 ; 
FIGS. 10A, 10B, 10C are diagrams for explaining 
the operation of a main portion in FIG. 1 ; 
FIG. 1 1 is a diagram illustrating the result of a meas- 
urement made by the digital line tester using the 
wander generator according to the present inven- 
tion; 

FIG. 12 is a diagram illustrating a difference be- 
tween a power spectrum density distribution and a 
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transfer function for explaining the operation of the 
main portion in FIG. 1; 

FIG. 13 is a diagram illustrating a difference be- 
tween a defined TDEV characteristic and an actual 
TDEV characteristic for explaining the operation of s 
the main portion in FIG. 1 ; 

FIG. 1 4 is a diagram illustrating a correction function 
for explaining the operation of the main portion in 
FIG. 1; 

FIG. 15 is a diagram illustrating a difference be- 10 
tween the power spectrum density distribution and 
a corrected transfer function for explaining the op- 
eration of the main portion in FIG. 1 ; 
FIG. 16 is a diagram illustrating a difference be- 
tween the defined TDEV characteristic and a cor- 1$ 
rected TDEV characteristic for explaining the oper- 
ation of the main portion in FIG. 1; 
FIG. 1 7 is a diagram illustrating a reversible pseudo 
random generator circuit as a circuit component in 
the main portion in FIG. 1 ; 20 
FIGS. 1 8A, 1 8B are diagrams illustrating state tran- 
sitions of the reversible pseudo random generator 
circuit in FIG. 17; 

FIGS. 19A, 19B are diagrams illustrating a change 
in an output at a predetermined bit location in the 25 
reversible pseudo random generator circuit in FIG. 
17; 

FIG. 20 is a state correspondence diagram for nor- 
mal and reverse orders of the reversible pseudo 
random generator circuit in FIG. 17; so 
FIG. 21 is a circuit diagram of the reversible pseudo 
random generator circuit as a circuit component in 
a main portion in FIG. 1; 

FIG. 22 is a block diagram illustrating an example 
of the configuration of a modification to the wander 35 
generator according to the present invention; 
FIG. 23 is a block diagram illustrating the configu- 
ration of an example of a modification to a fluctuat- 
ing signal sequence generator in FIG. 1 ; 
FIG. 24 is a block diagram illustrating the configu- 40 
ration of a main portion in FIG. 23; 
FIGS. 25A through 25H are timing diagrams for ex- 
plaining the operation of the main portion in FIG. 23; 
FIG. 26 is a diagram for explaining the operation of 
the main portion in FIG. 23; 45 
FIG. 27 is a block diagram illustrating the configu- 
ration of a main portion in FIG. 23; 
FIG. 28 is a diagram for explaining the operation of 
the main portion in FIG. 23; 

FIG. 29 is a diagram showing a difference between so 
a defined TDEV characteristic and an actual TDEV 
characteristic for explaining the operation of a fluc- 
tuating signal sequence generator in FIG. 23; 
FIG. 30 is a block diagram illustrating another con- 
figuration of the main portion in FIG. 23; 55 
FIG. 31 is a block diagram illustrating the configu- 
ration of a noise generator included in the wander 
generator of another embodiment according to the 



present invention; 

FIG. 32 is a block diagram illustrating the configu- 
ration of a main portion in FIG. 31 ; 
FIG. 33 is a block diagram illustrating the configu- 
ration of a main portion in FIG. 31 ; 
FIG. 34 is a block diagram for explaining the oper- 
ation of FIG. 31 ; 

FIG. 35 is a block diagram illustrating the configu- 
ration of an example of a modification to the main 
portion in FIG. 31 ; 

FIGS. 36A through 36F are timing diagrams for ex- 
plaining the operation of the modification example 
in FIG. 35; 

FIG. 37 is a diagram illustrating the operation of the 

modification example in FIG. 35; 

FIG. 38 is a diagram illustrating the operation of the 

modification example in FIG. 35; 

FIG. 39 is a block diagram generally illustrating the 

configuration of a wander generator according to 

the present invention; 

FIG. 40 is a block diagram illustrating the configu- 
ration of one embodiment of a phase noise transfer 
characteristic analyzer according to the present in- 
vention; 

FIG. 41 is a block diagram illustrating the configu- 
ration of a main portion in FIG. 40; 
FIG. 42 is a block diagram illustrating the configu- 
ration of a main portion in FIG. 40; 
FIG. 43 is a characteristic diagram illustrating an ex- 
ample of a specified characteristic for explaining the 
operation of the main portion in FIG. 40; 
FIG. 44 is a characteristic diagram of a test signal 
for explaining the operation of the main portion in 
FIG. 40; 

FIG. 45 is a diagram showing an approximation er- 
ror for explaining the operation of the main portion 
in FIG. 40; 

FIG. 46 is a characteristic diagram of an output sig- 
nal of a device under analysis for explaining the op- 
eration of the main portion in FIG. 40; 
FIG. 47 is a virtual characteristic diagram derived 
by a correction to the approximation error for ex- 
plaining the operation of the main portion in FIG. 40; 
FIG. 48 is a diagram illustrating an exemplary dis- 
play of characteristics for explaining the operation 
of the main portion in FIG. 40; 
FIG. 49 is a diagram illustrating another embodi- 
ment of a phase noise transfer characteristic ana- 
lyzer according to the present invention. 
FIG. 50 is a block diagram illustrating the configu- 
ration of a conventional wander generator; 
FIGS. 51 A, 51 B are diagrams illustrating examples 
of defined TDEV characteristics for explaining the 
operation of the conventional wander generator; 
FIG. 52 is a block diagram illustrating the configu- 
ration of a conventional phase noise transfer char- 
acteristic analyzer; 

FIG. 53 is a diagram illustrating a specified charac- 
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teristic and a characteristic of an actually output sig- 
nal for explaining the operation of the conventional 
phase noise transfer characteristic analyzer; and 
FIG. 54 is a diagram illustrating an exemplary dis- 
play of characteristics for explaining the operation 
of the conventional phase noise transfer character- 
istic analyzer. 

Best Mode for Carrying Out of the Invention 

[0052] Embodiments of the present invention will 
hereinafter be described with reference to the drawings. 
[0053] FIG. 1 generally illustrates an embodiment of 
a wander generator 21 according to the present inven- 
tion, and a digital line tester 20 which uses the same. 
[0054] The digital line tester 20 according to this em- 
bodiment has a wander generator 21 which generates 
a clock signal CK1 having wander that satisfies an arbi- 
trary TDEV mask characteristic. 
[0055] To begin with, the general configuration of the 
digital line tester 20 will be explained, while details on 
the wander generator 21 will be described later. 
[0056] First, the clock signal CK1 output from the wan- 
der generator 21 is input to a transmission unit 40. 
[0057] This transmission unit 40 sends a digital signal 
(for example, a pseudo random signal) Sa of a prede- 
termined pattern synchronized with the clock signal CK1 
output from the wander generator 21 through an output 
terminal 20a to a digital line 1 under testing which has 
been previously set in a return mode. 
[0058] It should be noted that the transmission unit 40 
may multiplex a digital signal otherthan the digital signal 
synchronized with the clock signal CK1 for delivery to 
the digital line 1 . 

[0059] A reception unit 41 receives a digital signal Sa' 
returned from the digital line 1 through an input terminal 
20b, and reproduces a clock signal CK1' from the re- 
ceived digital signal Sa'. 

[0060] An error measuring unit 42 measures an error 
in the digital signal Sa 1 received by the reception unit 41 
in bit units. 

[0061] Also, a TDEV measuring unit 43 measures a 
time deviation of the clock signal CK1' restored by the 
reception unit 41 . 

[0062] As illustrated in FIG. 2, the TDEV measuring 
unit 43 comprises a TIE detector unit 44 and a TDEV 
processing unit 45. 

[0063] Here, the TIE detector unit 44 detects a differ- 
ence in phase between the received clock signal CKV 
and a reference clock signal CK2 output from a refer- 
ence clock generator 44a using a phase comparator 
44b. 

[0064] Then, components at 10 Hz or lower are ex- 
tracted by a low pass filter (LPF) 44c from the output of 
the phase comparison 44b. 

[0065] This wander component signal is sampled by 
an A/D converter 44d at a predetermined sampling pe- 
riod (for example, 12.5 mS) for conversion to a digital 



value which is output to the TDEV processing unit 45 as 
TIE data. 

[0066] The TDEV processing unit 45 performs the 
aforementioned TDEV processing on the TIE data out- 

s put from the TIE detector unit 44. 

[0067] Turning back to FIG. 1 , display control means 
46 displays the result E of a measurement by the error 
measuring unit 42 on a display device 47, and also dis- 
plays the result of a measurement by the TDEV meas- 

10 uring unit 43 on the display device 47 in order that it can 
be compared with the above defined TDEV character- 
istic of the wander generator 21 . 
[0068] With the configuration as described, the digital 
line tester 20 according to this embodiment can readily 

15 and efficiently evaluate the wander of the digital line 1 
under testing. 

[0069] This digital line tester 20 can also measure the 
TDEV characteristic of the clock signal CK1 generated 
by the wander generator 21 if its output terminal 20a is 
20 directly connected to the input terminal 20b. 

[0070] Thus, the display control means 47 can also 
display this result of the measurement on the display 
device 47 in order that it can be compared with a defined 
TDEV mask. 

25 [0071] It should be noted that in this digital line tester 
20, the digital signal synchronized with the clock signal, 
including wander, output from the wander generator 21 
is output to the digital line 1 under testing through the 
transmission unit 40. 

30 [0072] Then, a clock signal component in the digital 
signal through the digital line 1 under testing is restored 
via the reception unit 41 . 

[0073] Also, a time deviation characteristic of the wan- 
der in the clock signal is found by the TDEV measuring 
35 unit 44. 

[0074] Therefore, the wander generator 21 and the 
transmission unit 40 in the digital line tester 20 corre- 
spond to the wander generator unit according to the 
aforementioned present invention (8). 

40 [0075] Thereception unit 41 and the TDEV measuring 
unit 44 in turn correspond to a wander measuring unit 
according to the aforementioned present invention (8). 
[0076] Before explaining the configuration of the wan- 
der generator 21, an outline thereof will be first de- 

45 scribed. 

[0077] Based on a power spectrum density distribu- 
tion characteristic of frequency fluctuations correspond- 
ing to the TDEV characteristic, this wander generator 
generates a clock signal having wander of this TDEV 
50 characteristic. 

[0078] In other words, it is known that the following 
relationship is established between the characteristic 
TDEV(T)(ns) of the wander and a power spectrum den- 
sity distribution Sx(f)(ns 2 /Hz) of the wander: 

55 

Sx(f) = (0.75/f) [TDEV(0.3/f)] 2 
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[0079] For example, with the characteristic such as 
the TDEV mask M2 illustrated in the aforementioned 
FIG. 51 B, TDEV(t) is constant for an integration time up 
tox1. 

[0080] Therefore, in this case, the power spectrum 
density distribution Sx(f) is reduced in proportion to 1/f 
in a range of the frequency exceeding 0.3/t 1 = f2, as 
illustrated in FIG. 3. 

[0081] Then, as illustrated in FIG. 51 B, TDEV(i) is in- 
creased in proportion to t (in proportion to 1/f) in a range 
of the integration time from t 1 to x 2. 
[0082] Therefore, in this case, the power spectrum 
density distribution Sx(f) is reduced in proportion to (1/f) 
• (1/f) 2 = 1/f 3 in a range of the frequency from 0.3/x 1 - 
0.3/t 2 (= f2-f1), as illustrated in FIG. 3. 
[0083] Also, as illustrated in FIG. 51 B, in a range of 
the integration time exceeding t 2, TDEV (t) is increased 
in proportion to t 1/2 (in proportion to 1/f 1/2 ). 
[0084] Therefore, in this case, Sx(f) is reduced in pro- 
portion to (1/f) • (1/f) = 1/f 2 in a range of the frequency 
lower than f1, as illustrated in FIG. 3. 
[0085] On the other hand, it is known that the relation- 
ship: 

Sy(f) = co 2 .Sx(f) = (2rcf) 2 • Sx(f) 

exists between the power spectrum density distribution 
characteristic Sx(f) of time fluctuations and the power 
spectrum density distribution characteristic Sy(f) of fre- 
quency fluctuations. 

[0086] In other words, the foregoing power spectrum 
density distribution characteristic Sx(f) of the time fluc- 
tuations corresponds to the power spectrum density dis- 
tribution characteristic Sy(f) of frequency fluctuations, 
as illustrated in FIG. 4, which is constant up to a fre- 
quency f 1 ; decreases at a rate of -3dB/oct in a range of 
the frequency from f 1 to f2; and increases at a rate of 
3dB/oct in a range of the frequency exceeding f2. 
[0087] Thus, the wander generator 21 filters white 
noise which uniformly distributes in terms of thef requen- 
cy to generate a fluctuation signal sequence y(k) of the 
power spectrum density distribution characteristic Sy(f) 
as illustrated in FIG. 4, and integrates the fluctuating sig- 
nal sequence y(k) by means of a direct digital synthe- 
sizer (DDS) 30, later described, to generates the afore- 
mentioned clock signal of the TDEV mask characteris- 
tic. 

[0088] Also, the wander generator 21 , for filtering the 
digital white noise signal sequence, finds an impulse re- 
sponse for a transfer function approximating the power 
spectrum density distribution characteristic Sy(f) as il- 
lustrated in FIG. 4, and thereafter convolutes tap coef- 
ficients derived from the impulse response processing 
with the white noise signal sequence. 
[0089] Next, the wander generator 21 will be ex- 
plained in terms of the specific configuration. 
[0090] As illustrated in FIG. 5, the wander generator 



21 comprises center frequency setting means 22; char- 
acteristic information setting means 23; a fluctuating sig- 
nal sequence generator unit 24; an adder 29; DDS 30; 
and a clock signal output circuit 31 . 
5 [0091] Here, the center frequency setting means 22 
sets the center frequency (for example, 2 MHz) of the 
outp ut clock signal CK1 , i .e. , data Y0 for determining the 
center frequency of an output signal of the DDS 30. 
[0092] The characteristic information setting means 
10 23 in turn sets characteristic information such as the 
shape of the power spectrum density distribution char- 
acteristic Sy(f) corresponding to a desired TDEV mask 
characteristic to be output, information on the frequency 
at a bending point, and the like. 
15 [0093] Also, the fluctuating signal sequence genera- 
tor unit 24 filters white noise based on the characteristic 
information set by the characteristic information setting 
means 23 to generate the fluctuating signal sequence y 
(k) which satisfies the power spectrum density distribu- 
te tion characteristic Sy(f) of the frequency fluctuations 
corresponding to a desired TDEV mask characteristic. 
[0094] Also, the adder 29 adds the data Y0 set by the 
center frequency setting means 22 to the fluctuating sig- 
nal sequence y(k) output from the fluctuating signal gen- 
25 erator unit 24, and outputs an addition result u(k) to the 
DDS 30. 

[0095] Then, the DDS 30 comprises an adder 30a; a 
latch circuit 30b for latching the output of the adder 30a 
in synchronism with a clock signal CK3; a waveform 

30 memory 30c which previously stores sinusoidal wave 
data at sequential address regions and reads out data 
at an address specified by the output of the latch circuit 
30b; and a D/A converter 30d for converting the data 
read from the waveform memory 30c to an analog sig- 

35 nal, and outputs a step-shaped signal at a frequency 
corresponding to the value output from the adder 29. 
[0096] The clock signal CK3 of the DDS 30 is signifi- 
cantly higher (for example, about 50 MHz) as compared 
with the aforementioned clock signal CK1 . 

40 [0097] Assume herein that the number of addresses 
in the waveform memory 30a, and the frequency of the 
clock signal CK3 have been previously set such that a 
frequency signal at a frequency equal to a value u(k) 
output from the adder 29 can be output. 

45 [0098] The output signal of the DDS 30 is input to the 
clock signal output circuit 31 . 

[0099] In the clock signal output circuit 31 , for wave- 
form shaping the output signal of the DDS 30 to output 
the clock signal CK1 , the step-shaped signal output from 
50 the DDS 30 is converted to a sinusoidal wave by a band- 
pass filter (BPF) 31 a corresponding to the data Y0, and 
input to a comparator 31 b. 

[0100] The comparator 31 b compares the sinusoidal 
wave signal output from the low pass filter 31a with a 
55 threshold value Vr to output the binarized clock signal 
Ck1 which is at low level when the sinusoidal wave sig- 
nal is smaller than the threshold value Vr, and at high 
level when the sinusoidal wave signal is equal to or larg- 
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er than the threshold value Vr. 

[0101} Mere, the DDS 30 and the clock signal output 
circuit 31 generate a clock signal , the frequency of which 
is modulated by the fluctuating signal sequence y(k) out- 
put from convolution processing means 28 in the fluctu- 
ating signal sequence generator unit 24, as will be later 
described. 

[0102] Therefore, the DDS 30 and the clock signal 
output circuit 31 correspond to the clock generating 
means in the aforementioned invention (1). 
[0103] Also, the DDS 30 includes a portion corre- 
sponding to the modulating means in the aforemen- 
tioned invention (1). 

[0104] The fluctuating signal sequence generator unit 
24 in turn comprises noise generating means 25 for gen- 
erating a white noise signal n(k); impulse response 
processing means 26 for calculating tap coefficients for 
each impulse response time of a transfer function which 
approximates to the power spectrum density distribution 
characteristic Sy(f) based on characteristic information 
set by the characteristic information setting means 23; 
a memory 27 for storing tap coefficients for each time, 
calculated by the impulse response processing means 
26; and convolution processing means 28 for convolv- 
ing the white noise signal n(k) output from the noise gen- 
erating means 25 with the tap coefficients for each time 
stored in the memory 27 to generate the fluctuating sig- 
nal sequence y(k) which satisfies the relative power 
spectrum density distribution characteristic S\ 
[0105] Here, the noise generating means 25 gener- 
ates the white noise signal n(k) based on a M-sequence 
pseudo random signal, and exemplary configurations 
are illustrated in FIGS. 6, 7. 

[0106] The noise generating means 25 illustrated in 
FIG. 6 has a plurality of stages P of series shift registers 
25a, and an EXOR circuit 25b for taking an exclusive 
OR of outputs at predetermined stages (determined by 
P) of the shift registers 25a, in order to comprise a set 
of pseudo random signal generator circuits. 
[0107] Then, this noise generator circuit 25 is config- 
ured to set initial values except for zero to all bits of the 
shift register 25a such that one bit data is shifted at each 
stage each time a clock signal CK4 is received, wherein 
outputs of arbitrary m stages (for example, eight stages) 
out of P stages are sequentially output as an m-bit par- 
allel white noise signal n(k). 

[0108] The noise generating means 25 illustrated in 
FIG. 7 in turn comprises m sets of pseudo random signal 
generator circuits comprised of the aforementioned shift 
registers 25a and EXOR circuit 25b in order to generate 
a white noise signal approximate to more ideal white 
noise. 

[01 09] Specifically, th is noise generating means 25 is 
configured to set different initial values (any of them is 
not set to zero) to sift registers 25a 1 - 25am by means 
of initial value setting means 25c, such that each of the 
shift registers 25a1 - 25am shifts one bit data at each 
stage each time the clock signal CK4 is received. 



[0110] Then, this noise generating means 25 collects 
outputs at every stage of the respective shift registers 
25a1 - 25am to sequentially output an m-bit parallel 
white noise signal n(k). 
5 [0111] Assume now that the initial values set to the 
respective shift registers 25a1 - 25am are sufficiently 
separate from one another. 

[0112] For example, with a pseudo random signal 
generator circuit having P stages of shift registers 25a 1 

10 - 25am, a maximum of (2 P -1 ) different codes can be gen- 
erated, so that one is set to all bits in the first set of shift 
registers 25a1 as the initial value. 
[0113] Also, in the second set of shift registers 25a2, 
a value advanced from the all bit "1" state by approxi- . 

15 mately (2 p -1)/m times is set as the initial vatue. 

[01 14] Further, in the third set of shift registers 25a3, 
a value advanced from the all bit "I" state by approxi- 
mately 2(2 p -1)/m times is set as the initial value. 
[01 1 5] By setting the initial value subsequently in this 

20 way, the respective shift registers 25a 1 - 25am have the 
initial values which are different from one another by ap- 
proximately (2 p -1)/m or more. 

[01 16] As a result, if P is sufficiently larger than m, the 
outputs of the respective shift registers 25a1-25am are 

25 not correlated. 

[0117] Therefore, the white noise signal n(k) pro- 
duced by collecting the outputs of the respective shift 
registers 25a1 - 25am bit by bit into an m-bit parallel 
form, is extremely close to ideal white noise. 

30 [0118] It should be noted that the noise generating 
means 25 configured as described relies on a predeter- 
mined algorithm determined by the pseudo random sig- 
nal generator circuit comprised of the shift registers and 
the EX-OR circuit to sequentially output a noise signal 

35 comprised of random numbers of plural bits at a con- 
stant speed determined by the clock CK4. 
[0119] Therefore, this noise generating means 25.. 
corresponds to the random number signal generating 
means in the aforementioned invention (1). 

40 [0120] Also, as illustrated in FIG. 7, a combination of 
outputs of a plurality of sets of pseudo random signal 
generators corresponds to the random number signal 
generating means in the aforementioned invention (2). 
[0121] Turning back to FIG. 5, the impulse response 

45 processing means 26 calculates a tap coefficient h(t) for 
each impulse response time of a transfer function which 
approximates to the power spectrum density distribution 
characteristic Sy(f) based on the characteristic informa- 
tion set by the characteristic information setting means 

so 23. 

[0122] For example, as the power spectrum density 
distribution characteristic Sy(f) illustrated in FIG. 4, a 
transfer function having a characteristic which is con- 
stant up to a frequency f1 ; decreases at -3 dB/oct in a 
55 range of frequency from f 1 to f2; and increases at 3dB/ 
oct in a range exceeding the frequency f2 is known to 
be approximated by the following transfer function H(f): 
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H(f) = (1+jf/f2)/[1+Abs(f/f1)]' /-: 

where Abs(f/f1) indicates an absolute value of f/f1 . 
[01 23] Then , an impulse response h(t) of this transfer 
function is expressed by: 

h(t) = . J°°H(f)e j2,lft df 

[0124] When the characteristic as illustrated in FIG. 4 
and the frequencies (f1 , f2, and the like) at its bending 
portions are set as characteristic information, the im- 
pulse response processing means 26 calculates the im- 
pulse response h(t) based on the set values. 
[0125] FIG. 8 illustrates the result of calculating the 
impulse response h(t) of the transfer function H(f). 
[0126] Specifically, in a range t<0, the impulse re- 
sponse h(t) is positive and closer to zero as the absolute 
value of t is larger, and suddenly becomes large as the 
absolute value of t is closer to zero. 
[0127] Also, in a range t>0, the impulse response h(t) 
is positive and closer to zero as the absolute value of t 
is larger, and is negative and suddenly reduced as the 
absolute value of t is closer to zero. 
[0128] This impulse response processing means 26 
is designed not to take a particular point t = 0 for finding 
the values of h(t) (referred to as tap coefficients) at time 
intervals T of the response. 

[0129] For this reason, first, an initial time to is set at: 
(-N/2)T + T/2 = -(N+1 )T/2 

[0130] Then, N values (tap coefficients) are found for 
the aforementioned h(t) (N is an even number) with the 
value h(t0+rT) within a time range: 

-(N-1)T/2 m t =i (N-1)T/2 

[01 31 ] It should be noted that this time range is limited 
by integrating a window function g(t) which is positive in 
this time range and is zero out of the time range on the 
impulse response h(t). 

[01 32] The tap coefficients h(to+rT) for each time, cal- 
culated by the impulse response processing means 26 
are stored in the memory 27. 

[0133] The convolution processing means 28 also 
convolutes the white noise signal n(k) output from the 
noise generating means 25 and the tap coefficients h 
(t 0 +rT) for each time stored in the memory 27 in accord- 
ance with the following equation to generate the fluctu- 
ating signal sequence y(k) which satisfies the power 
spectrum density distribution characteristic Sy(f): 

y(k) = r =o E N " 1 n(k-r)h(t 0+ rT) 



696 A1 24 

= n(k)h(t 0 ) + n(k-1)h(t 0 +T) 
+ n(k-2)h(t 0 +2T) 
+ n(k-3)h(t 0 +3T) 



1Q + n(k-N+1)h[t 0 +(N-1)T] 

[0134] Here, the convolution processing involves a 
product sum calculation of the input white noise signal 
n(k) and previously set tap coefficients h (to+rT). 

15 [0135] The product sum calculation is equivalent to 
digital filtering performed on the white noise signal n(k) 
output from the noise generating means 25. 
[0136] Therefore, the convolution processing means 
corresponds to the filter unit in the aforementioned in- 

20 ventions (1), (3), (4). 

[0137] The tap coefficients set in the convolution 
processing means 28 are calculated by the impulse re- 
sponse processing means 26 based on the character- 
istic information set by the characteristic information set- 

25 ting means 23 for producing wander of a desired time 
deviation characteristic. 

[01 38] With such tap coefficients, the spectrum char- 
acteristic is determined for the fluctuating signal se- 
quence y(k) output from the convolution processing 
30 means 28. 

[0139] Therefore, the characteristic information set- 
ting means 23 and the impulse response processing 
means 26 correspond to the setting means of the above 
(1). 

35 [0140] For actually performing the convolution 
processing, errors can be reduced by strategically de- 
termining the order of the calculations. 
[01 41 ] Specifically, the absolute value of a tap coeffi- 
cient h(to-i-rT) is very large in a region in which to+rT is 

40 close to zero, and very small in a region far from zero. 
[0142] For this reason, if the foregoing calculations 
are simply performed in a time series with a floating point 
scheme, the number of digits in the results of the calcu- 
lations will become very large when the product sum cal- 

45 culation is performed up to a range in which to+rT is 
close to zero. 

[0143] Therefore, the accuracy of the convolution 
processing is degraded due to the results of calcula- 
tions, performed subsequent thereto, which are under- 
50 flowed in a region in which to+rT is positive and far away 
from zero. 

[0144] To prevent this, the product sum calculation is 
preferentially performed in a region in which the abso- 
lute value of a tap coefficient is small (a region in which 
55 t is far away from zero) to increase the number of digits 
in the results of the calculations, followed by the product 
sum calculation in a region in which the absolute value 
of a tap coefficient is large (a region in which t is close 
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to zero). 

[01 45} WrtHe a variety of such calculation orders may 
be contemplated, two specific examples are explained 
here. 

[0146] A first method performs a product sum calcu- 
lation in a range in which t is positive and a product sum 
calculation in a range in which t is negative, independ- 
ently of each other, from a location far away from zero, 
and finally adds both. 

[0147] Specifically, in this method, the product sum 
calculations as follows are performed, respectively, from 
a front term to rear term in sequence. 

y-(k) = n(k)h(to) 
+ n(k-1)h(t 0 +T) 
+ n(k-2)h(t 0 +2T) 



+ n(k-2)h(t 0 +2T) 
n(k-N+3)h[t 0 +(N-3)T] 



10 



15 



+ n(k-N/2+1)h[t 0 +(N/2-1)T] 

y + (k) = n(k-N+1)h[t 0 +(N-1)T] 
+ n(k-N+2)h[to+(N-2)T| 
+ n(k-N+3)h[to+(N-3)T] 



+ n(k-N/2)h[t 0 +(N/2)T] 
[0148] Then, finally, 

y(k) = y-(k) + y + (k) 

is calculated. 

[01 49] A second method alternately performs product 
sum calculates in a region in which t is positive and in a 
region in which t is negative from a location far away 
from zero in sequence. 

[0150] Specifically, in this method, calculation such as 
the following equation is performed from a front term to 
a rear term in sequence: 

y(k) = n(k)h(t 0 ) 
+ n(k-N+1)h[t 0 +(N-1)T| 

+ n(k-1)h(t 0 +T) 
+ n(k-N+2)h[t 0 +(N-2)T] 



25 



30 



35 



40 



45 



50 



55 



+ n(k-N/2+1)h[t 0 +(N/2-1)T) 
+ n(k-N/2)h(t 0 +(N/2)T] 

[0151] In this way, by preferentially performing the 
product sum calculation in a region in which the absolute 
value of a tap coefficient is small (a region in which t is 
far away from zero), the product sum calculation is per- 
formed in a region in which the absolute value of a tap 
coefficient is large (a region in which t is close to zero) 
after increasing the number of digits in the results of the 
calculations, thereby making it possible to prevent the 
accuracy from being degraded due to the underflow of 
the floating point calculation. 

[0152] Also, for performing the convolution process- 
ing, N tap coefficients stored in the memory 27, a white 
noise signal n(k) at a current stage, and white noise sig- 
nals n(k-1 ) - n(k-N+1 ) up to N-1 before the current stage 
are required. 

[0153] For the (N-1) white noise signals n(k-1)-n(k- 
N+1), a method of previously storing them and reading 
them, and a method of using the noise generating 
means 25 which can return a noise signal to generate 
every time are contemplated. 

[0154] Here, the former method is explained, while 
the latter method will be explained later. 
[0155] In the former method using a memory, either 
the noise generating means 25 or the convolution 
processing means 28 is provided with (N-1) stages of 
shift registers 50 (N stages may be possible), as a mem- 
ory, which store an m-bit noise signal while shifting pre- 
viously received noise signals to subsequent stages in 
sequence each time a shift clock CK5 is received, as 
shown in FIG. 9. 

[0156] At an initial stage, up to (N-1) noise signals n 
(k-1) - n(k-N+1) have been previously generated from 
the noise generating means 25 and stored in the shift 
register 50. 

[01 57] Then , the convolution processing is performed 
using the subsequently generated noise signal n(k) and 
noise signals n(k-1 ) - n(k-N+1 ) stored in the shift register 
50, and the shift clock CK5 is applied to store this noise 
signal n(k) in the shift register 50. 
[0158] Also, when the next noise signal n(k+1) is gen- 
erated, the convolution processing is performed using 
the noise signal n(k+1) and the noise signal n(k) - n(k- 
N+2) stored in the shift register 50. This operation is re- 
peated. 

[0159] It should be noted that the shift clock CK5 in 
this event is synchronized with the clock signal CK4 of 
the noise generating means 25. 
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[01 60] The fluctuating signal sequence y(k) produced 
by performing the convolution processing as described 
is added to the data YO input to the adder 29 for deter- 
mining the center frequency. 

[0161] Then, the result u(k) of the addition by the 
adder 29 is input to the aforementioned DDS 30. 
[01 62] In this DDS 30, data in the waveform memory 
30c is read while accumulating (integrating) the result u 
(k) of the addition output from the adder 29 at a high 
speed (the rate of the clock signal CK2). 
[0163] For this reason, for example, when the fluctu- 
ating signal sequence y(k) is positive as illustrated in 
FIG. 1 0A, the frequency of the clock signal CK1 is higher 
than Y0 by y(k) as illustrated in FIG. 10C, so that its 
phase advances by the accumulated amount of the fluc- 
tuating signal sequence y(k) with respect to the refer- 
ence phase illustrated in FIG. 10B. 
[0164] Also, when the fluctuating signal sequence y 
(k) is negative as illustrated in FIG. 10A, the frequency 
of the clock CK1 is lower than Y0 by y(k), so that its 
phase delays from the reference phase illustrated in 
FIG. 10B by the accumulated amount of the negative 
fluctuating signal sequence y(k). 
[0165] In other words, the clock signal CK1 has its fre- 
quency modulated by phase variations corresponding 
to the result of an integration of the fluctuating signal 
sequence y(k). 

[0166] Since the power spectrum density distribution 
characteristic of time fluctuations of the clock signal CK1 
can be approximated to the characteristic Sx(f), it is pos- 
sible to generate the clock CK1 which has wander of the 
TDEV mask M2. 

[0167] The clock signal CK1 output from the wander 
generator 21 thus configured is input to the transmission 
unit 40 illustrated in FIG. 1 , as mentioned above. 
[01 68] Then , a digital signal Sa synchron ized with the 
clock signal CK1 is sent from the transmission unit 40 
to the digital line 1 under testing. 
[01 69] Then , a digital signal Sa' returned from the dig- 
ital line 1 is received by the reception unit 41 , and sub- 
sequently its error rate is measured by the error meas- 
uring unit 42. 

[0170] Further, TDEV of the clock signal CKV repro- 
duced in the reception unit 41 is measured by the TDEV 
measuring unit 43. 

[0171] Here, the result E of measurement in the error 
measuring unit 42 is displayed on the display device 47, 
for example, in the form of numerical value by the dis- 
play control means 46. 

[0172] Also, the result of measurement in the TDEV 
measuring unit 43 is displayed on the display device 47, 
such that it can be compared with a defined TDEV char- 
acteristic (TDEV mask M2), for example, as the charac- 
teristics F1 or F2 illustrated in FIG. 11. 
[01 73] It will be appreciated that as the characteristic 
F1 illustrated in FIG. 11, when a TDEV characteristic 
lower than the TDEV mask M2 has been measured, 
wander is suppressed on the digital line 1 . 



[0174] It will also be appreciated that as the charac- 
teristic F2 illustrated in FIG. 12, when a TDEV charac- 
teristic higher than the TDEV mask M2 has been meas- 
ured, wander is increased on the digital line 1 . 
5 [0175] In the foregoing explanation, as a transfer 
function of a filter for generating a fluctuating signal se- 
quence of the power spectrum density distribution char- 
acteristic Sy(f) corresponding to the TDEV mask M2, an 
approximation is made using: 

10 

H(f) = (1+jf/f2)/[1+Abs(f/f1)] 1/2 

[0176] Therefore, a square of the absolute value of 
15 this transfer function IH(f)l 2 has errors which occur in a 
bending portion and an upper limit frequency portion, 
with respect to the ideal power spectrum density distri- 
bution characteristic Sy(f). 

[01 77] With the errors, the TDEV characteristic M2" of 
20 the clock signal CK1 has an error in a portion in which 
t 1 , x 2 and x are close to zero with respect to the defined 
TDEV mask M2, as illustrated in FIG. 13. 
[0178] Such errors can be corrected using a correc- 
tion function W(f) as next described. 
25 [0179] As the correction function W(f), for example, a 
function having a characteristic as illustrated in FIG. 14 
is used. 

[0180] First, this function has its level increased in a 
band B1 centered at a frequency fV near f1 , and reach- 

30 ing a peak (A1 ) at the frequency f1\ 

[0181] Also, this function has its level reduced in a 
band centered at a frequency f2' near f2, and reaching 
a bottom (A2) at the frequency f2\ 
[0182] Also, this function has its level increased in a 

35 band B4 centered at a frequency f3' near an upper limit 
frequency (10 Hz), reaching a peak (A3) at the frequen- 
cy f3\ and constant in the remaining band. 
[0183] A generalized equation for the correction func- 
tion W(f) having such characteristics is expressed in the 

40 following manner: 

W(f) 

45 = 1 + A1 exp[- ((f-f1 ')/B1) 2 /2] 

+ A1 exp[- ((f-f1')/B1) 2 /2] 

+ A2 exp[- ((f-f2*)/B2) 2 /2] 

50 2 

+ A2 exp[- ((f+f2')/B2)V2] 

+ A3 exp[- ((f-f3')/B3) 2 /2] 

55 + A3 exp[- ((f+f3')/B3) 2 /2] 

[01 84] A square lH(f)'l 2 of the absolute value of a cor- 
rected transfer function H(f)' produced by an integration 
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of the correction function W(f) and the transfer function 
B<f) further approximates to the ideal power spectrum 
density distribution characteristic Sy(f), as illustrated in 
FIG. 15. 

[01 85] Therefore, in the impu Ise response processing 
means 26, the impulse response h(t) of the aforemen- 
tioned transfer function H(f), the impulse response w(t) 
of the correction function W(f), and the window function 
g(5) are used to perform the following calculation to find 
a tap coefficient: 

h'(t) = {h(t)*W(t)}.g(t) 

[01 86] Then, the convolution processing may be per- 
formed using this tap coefficient, thereby making it pos- 
sible to approximate a TDEV characteristic M2" of the 
clock signal CK1 to the defined TDEV mask M2 and al- 
low for mo re certain measurements as shown in FIG. 16. 
[0187] Also, in the foregoing explanation, the white 
noise signal n(k) and the tap coefficient h (to+rT) are 
read from the memory 27 and the sift register 50 for per- 
forming the convolution processing. 
[01 88] Alternatively, as described above, by using the 
noise generating means 25 which is capable of gener- 
ating a pseudo random signal in a reverse order, the 
convolution processing can be performed without using 
the shift register 50. 

[01 89] Also, together with the use of the noise gener- 
ating means 25 capable of the reverse order, the im- 
pulse response processing means 26 may be config- 
ured to calculate tap coefficients in a specified order, 
thereby making it possible to perform the convolution 
processing without using the memory 27 and the regis- 
ter 50. 

[0190] In this way, the memory can be largely saved, 
and the hardware configuration of the apparatus can be 
simplified. 

[0191] Here, the noise generating means 25 which 
generates pseudo random signals in a normal order and 
in a reverse order can be implemented by using a recip- 
rocal polynomial with respect to a normal generator pol- 
ynomial. 

[0192] In the following, this principle will be explained 
with a pseudo random signal having a short code period. 
[0193] For example, assuming a normal generator 
polynomial p(x) is expressed by the following equation: 

p(x) = x 4 + x + 1 

its reciprocal polynomial q(x) is expressed in the follow- 
ing manner: 

q(x) = x 4 p(x _1 ) 



= x 4 + x 3 + 1 

[01 94] FIG. 1 7 illustrates an example of the noise gen- 
5 erating means 25 which uses such the generator poly- 
nomial p(x) and the reciprocal polynomial q(x). 
[0195] This noise generating means 25 comprises a 
four-stage shift register 25a; an EXOR circuit 25b for a 
normal order for taking exclusive OR of outputs of the 
10 third stage (x 1 ) and the fourth stage (x°) of the shift reg- 
ister 25a; an EXOR circuit 25d for a reverse order for 
taking exclusive OR of outputs of the first stage (x 3 ) and 
the fourth stage (x°) of the shift register 25a; and a 
switch 25e for selectively returning the outputs of the 
15 EXOR circuit 25a and the EXOR circuit 25d to the first 
stage. 

[0196] It should be noted that the switch 25e is 
switched and a clock signal CK4' is input by a control 
circuit, not shown. 

20 [0197] In this noise generating means 25, when the 
switch 25e is connected to the normal order side to input 
the clock CK4' after "1 " is set at all stages as initial val- 
ues, an operation of transitioning from state 1 to state 
15 and again returning to state 1 of an internal state of 

25 the shift register 25a is repeated, as illustrated in FIG. 
18 A. 

[0198] On the other hand, when the switch 25e is con- 
nected to the reverse order side to input the clock signal 
CK4' after "1" is set at all stages as initial values, an 
30 operation of transitioning from state 1 to stage 15 and 
again returning to state 1 of the internal state of the shift 
register 25a is repeated. 

[0199] Here, output data at the first stage from state 
1 to state 15 in the normal order case changes in the 

35 order of: 

(100010011010111) 
[0200] On the other hand, output data at the first stage 
from the state 1 to state 15 in the reverse order case 
changes in the order of: 

40 (101011001000111) 

[0201] Comparing the output data of the first stage 
with each other, the output data in the normal order 
matches the output data in the reverse order if the latter 
returns from the 13th bit to the first bit and moves to the 

45 15th and 14th bits. 

[0202] In other words, the data at the first stage in the 
normal order case repeats, as illustrated in FIG. 19A: 
dl _> d2 -> d3 -> ... -> d13 -> d14 -> d15 -» d1 



so [0203] On the other hand, the data at the first stage 
in the reverse order case repeats, as illustrated in FIG. 
19B: 

d13->d12->d11 -> ...->d1 ->d15->d14-»d13 

— > ... 

55 [0204] Therefore, with respect to the output data se- 
quence at the first stage when the switch 25e is con- 
nected to the normal order side to input the clock CK4', 
the output data sequence at the first stage when the 
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switch 25e is connected to the reverse order side to in- 
put the clock CK4' is output in the reverse order. 
[0205] However, as illustrated in a state correspond- 
ence diagram illustrated in FIG. 20, a stage change of 
the shift register 25a in the reverse order case is not 
reverse to that in the normal order, so that the continuity 
of data cannot be maintained only by simply switching 
the switch 25e from the state in which data has been 
output in the normal order to the reverse order side. 
[0206] For maintaining the continuity of the data, the 
state of the shift register 25a must be set by using data 
positional relationships illustrated in FIGS. 19A, 19B 
and stage correspondence information illustrated in 
FIG. 20. 

[0207] For example, consider the case where from a 
state in which the shift register is shifted up to state 4 in 
the normal order to output data d5 from the EXOR circuit 
25b, data is output in the reverse order in the order of 
d4-»d3->d2 

[0208] Specifically, since the data d5 is output from 
the EXOR circuit 25d in the reverse order in state 8 in 
the reverse order, if data is output in the reverse order 
from state 9 which is advanced from this state 8 by one, 
it is possible to output data in the order of d4 -» d3 -* 
d2 

[0209] Here, two methods are available for transition- 
ing from state 4 in the normal order to state 9 in the re- 
verse order. 

[0210] One of these methods is a method which uti- 
lizes the fact that state 9 in the reverse order is equal to 
state 8 in the normal order. 

[0211] Specifically, as indicated by solid arrows in 
FIGS. 18A, 18B, this method is such that the shift reg- 
ister is advanced from state 4 to state 8 in the normal 
order by applying the clock signal CK4' (in this event, 
data output from the noise generating means 25 is held 
as d5), and the switch 25e is switched to the reverse 
order side after the shift register is transitioned to state 
9 in the reverse order. 

[0212] The other method is a method which utilizes 
the fact that state 4 in the normal order is equal to state 
12 in the reverse order. 

[0213] Specifically, as indicated by one-dot-chain ar- 
rows in FIGS. 18A, 18B, this method is such that the 
switch 25e is switched to the reverse order side from 
state 4 in the normal order, and the shift register is ad- 
vanced from state 12 to state 9 in the reverse order by 
applying the clock signal CK4' (in this event, data output 
from the noise generating means 25 is held as d5). 
[0214] By thus controlling the switching of the switch 
35e and the supply of the clock signal CK\ it is possible 
to output data from an arbitrary state in the normal state 
in the reverse order. 

[0215] Though not described in detail, it is also pos- 
sible to output data from an arbitrary state in the reverse 
order in the normal order by performing a reverse control 
to the foregoing methods. 

[0216] While the foregoing explanation has been giv- 



en for a short code period for facilitating the understand- 
ing, the noise generating means 25 capable of operating 
in the normal and reverse orders, utilizing the aforemen- 
tioned reciprocal polynomial, can be configured for a 
5 longer code period completely in a similar manner. 
[0217] For example, when a generator polynomial p 
(x) in the normal order is expressed by: 

10 P( x ) = x 96 + x 7 + x e + x 4 + x 3 + x 2 + 1 

its reciprocal polynomial is expressed by the fol- 
lowing equation: 

q(x) = x 96 p(x' 1 ) 
= 1 + x 9 * 7 + x 96 " 6 + X 96 " 4 + x 96 - 3 + X 96 " 2 + x 96 

[0218] FIG. 21 illustrates a pseudo random signal 
generator circuit which uses such the generator polyno- 
mial p(x) and the reciprocal polynomial q(x). 

25 [0219] This pseudo random signal generator circuit 
comprises a 96-stage shift register 25a; an EXOR circuit 
25a for a normal order for taking exclusive OR of outputs 
of the first stage (X°), third through fifth stages (xS-x 4 ), 
seventh stage (x 6 ) and eighth stage (x 7 ) counted from 

30 the final stage of the shift register 25a; an EXOR circuit 
25d for a reverse order for taking exclusive OR of out- 
puts of the first stage (X°), 90th stage (x89), 91st stage 
(x 90 ), and 93rd through 95th stages (x^-x 94 ); and a 
switch 25e for selectively returning outputs of the EXOR 

35 circuit 25b and the EXOR circuit 25d to the first stage. 
[0220] It should be noted that even in the circuit of 
FIG. 21 , the switching of the switch 25e and supply of 
the clock signal CK4' are also performed by a control 
circuit, not shown, in a manner similar to the foregoing. 

40 [0221] Also, in the circuit of FIG. 21 .for an output data 
sequence when the switch 25e is connected to the nor- 
mal order side to input the clock CK4', an output data 
sequence when the switch 25e is connected to the re- 
verse order side to input the clock CK4* is output in the 

45 reverse order, in a manner similarto the case of the short 
code period. 

[0222] Further, by controlling the switching of the 
switch 25e and supply of the clock signal CK' based on 
a data position relationship and a state correspondence 

so diagram, sequential data can be output from an arbitrary 
state in the normal order (or in the reverse order) se- 
quentially in the reverse order (or in the normal order). 
[0223] It should be noted that while the foregoing de- 
scription has been made for the output at the first stage 

55 of the shift register 25a, the may be output from an ar- 
bitrary stage since the relationship between the normal 
order and the reverse order can be provided for outputs 
of other stages. 
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[0224] However, the above relationship is not estab- 
lished for parallel data output from two or more different 
stages. 

[0225] Therefore, the aforementioned pseudo ran- 
dom signal generator circuit capable of operating in the 
normal and reverse orders is applied to each pseudo 
random signal generator circuit of the noise generating 
means 25 which outputs data bit by bit from a plurality 
m of pseudo random signal generator circuits to output 
an m-bit parallel white noise signal, as illustrated in FIG. 
7. 

[0226] In this way, with the use of the noise generating 
means 25 which is capable of generating the white noise 
signal n(k) in the reverse order, it is possible to generate 
previous N-1 noise signals n(k-1 ) - n(k-N+1 ) in order af- 
ter generating a k-th white noise signal n(k). 
[0227] Specifically, in this event, the aforementioned 
convolutional calculation: 

y(k) = n(k)h(t 0 ) 
+ n(k-1)h(to+T) 
+ n(k-2)h(t 0 +2T) 



+ n(k-N+1)h[t 0 +(N-1)T] 
without using the memory 50. 

[0228] Also, if the impulse response processing 
means 26 calculates the tap coefficients in the order of 
h(to)to h[to+(N-1 )t] in concert with the output of the noise 
signal, the memory 27 is eliminated, so that the convo- 
lution processing can be carried out with one set of prod- 
uct sum calculating circuits. 

[0229] Further, as described above, it is possible to 
perform the convolution processing with the aforemen- 
tioned first method in order to prevents errors due to the 
underflow of the floating point. 

[0230] Specifically, noise signals n(k) - n(k-N/2+1 ) are 
first generated in the reverse order to find y-(k), for ex- 
ample, for performing a product sum calculation in a 
range in which t is positive and a product sum calculation 
in a range in which t is negative independently of each 
other in order from a location far from zero. 
[0231] Next, n(k-N+1) - n(k-N/2) are generated in the 
normal order operation to find y+(k), and both are add- 
ed. 

[0232] Thus, the fluctuating signal sequence y(k) can 
be produced even without the shift register 50. 
[0233] Also, in this case, if the impulse response cal- 
culating means 26 calculates the tap coefficients in the 
order of hfo) to h[t 0 +(N/2-1 )t] and in the order of [to+(N- 
1 )T] - h[to+(N/2)T] in concert with the output of the noise 
signal sequence, the memory 27 is not required, so that 
the convolution processing can be carried out with one 



set of product sum calculating circuits. 
|0234] It should b noted that the foregoing explana- 
tion has been made for the case where a clock signal 
having wander of the characteristic such as the TDEV 
5 mask M2 illustrated in FIG. 51 B is generated as the de- 
fined TDEV characteristic, this does not limit the present 
invention. 

[0235] For example, for generating a clock signal hav- 
ing wander of a characteristic such as the TDEV mask 

10 M1 illustrated in FIG. 51 A, filtering similar to the forego- 
ing may be performed using the characteristic informa- 
tion of the TDEV mask M1 , and the power spectrum den- 
sity distribution, transfer function H(f), and correction 
function W(f) corresponding to the mask. 

15 [0236] Also, the TDEV mask is not limited to that de- 
scribed above but may include that having three or more 
bents, that having different slopes, and the like. 
[0237] Likewise, for these TDEV masks, filtering sim- 
ilar to the foregoing may be performed using a power 

20 spectrum density distribution, transfer function H(f) and 
correction function W(f) corresponding to the associated 
mask. 

[0238] Also, in the wander generator 21 , the fluctuat- 
ing signal y(k) is directly input to the adder 29. 

25 [0239] Therefore, as the wander generator 2V illus- 
trated in FIG. 22, the wander generator 21 may be con- 
figured to multiply the fluctuating signal y(k) output from 
the fluctuating signal sequence generator unit 24 by a 
set value B set by the level setting means 32, and output 

30 the result y(k)' of the multiplication to the adder 29 such 
that the level of the fluctuating signal can be varied. 
[0240] In the foregoing manner, the wander generator 
21 of this embodiment generates the fluctuating signal 
sequence y(k) having a power spectrum density distri- 

35 bution characteristic of frequency fluctuations corre- 
sponding to its time deviation characteristic based on 
the characteristic information of a desired time deviation 
characteristic, adds the fluctuating signal sequence y(k) 
and the data Y0 for determining the center frequency of 

40 the output clock signal in the adder 29, outputs a signal 
at a frequency corresponding to the result of the addition 
from the DDS 30, and waveform shapes an output signal 
of the DDS 30 to output the clock signal CK1 . 
[0241] For this reason, according to the wander gen- 

45 erator 21 of this embodiment, it is possible to readily 
generate the clock signal CK1 having wander which sat- 
isfies a desired time deviation characteristic. 
[0242] Also, the wander generator 21 of this embodi- 
ment has the fluctuating signal sequence generator unit 

so 24 comprised of the noise generating means 25 for gen- 
erating a white noise signal based on a pseudo random 
signal; the impulse response processing means 26 for 
calculating an impulse response of a transfer function 
for approximating a power spectrum density distribution 

55 of the white noise signal output from the noise generat- 
ing means 25 to a power spectrum density distribution 
characteristic Sy(f) of frequency fluctuations corre- 
sponding to a desired time deviation characteristic 
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based on characteristic information set by the charac- 
teristic information setting means 23; and the convolu- 
tion processing means 28 for convoluting the result of 
the calculation of the impulse response processing 
means 26 and the white noise signal output from the 
noise generating means 25 to generate a fluctuating sig- 
nal sequence y(k) having the power spectrum density 
distribution characteristic Sy(f). 
[0243] In this way, the wander generator 21' of this 
embodiment can accurately generate the clock signal 
CK1 having the wander which satisfies a desired time 
deviation characteristic, since it digitally generates the 
fluctuating signal sequence y(k). 
[0244] Also, when the impulse response processing 
means 26 corrects the impulse response by the correc- 
tion function W(f) corresponding to an error between the 
power spectrum density distribution characteristic Sy(f) 
of frequency fluctuations and the transfer function, it is 
possible to more accurately generate the clock signal 
CK1 having the wander which satisfies the desired time 
deviation characteristic. 

[0245] Further, when the convolution processing 
means 28 preferentially performs the product sum cal- 
culation for smaller absolute values of the results of im- 
pulse response calculations, errors can be reduced in 
floating point calculations, thereby making it possible to 
more accurately generate the clock signal CK1 having 
the wander which satisfies the desired time deviation 
characteristic. 

[0246] Further, when the impulse response process- 
ing means 26 is configured to perform a calculation of 
the impulse response each time a white noise signal is 
output from the noise generating means 25 and the con- 
volution processing means 28 performs the convolution 
processing using the result of the calculation performed 
each time by the impulse response processing means 
26, it is possible to save the memory and simplify the 
hardware configuration of the apparatus. 
[0247] Further, when the noise generating means 25 
has a plurality (m) of pseudo random signal generating 
means for generating pseudo random codes of M-se- 
quence at initial phases different from one another such 
that predetermined stages of outputs of the respective 
pseudo random signal generating means are collected 
to output an m-bit parallel white noise signal, the white 
noise signal can be extremely close to ideal white noise, 
thereby making it possible to more accurately generate 
the clock signal CK1 having the wander which satisfies 
the desired time deviation characteristic. 
[0248] The fluctuation signal sequence generator unit 
24 in the wander generator 21 of the foregoing embod- 
iment calculates the impulse response of a transfer 
function corresponding to the power spectrum density 
distribution characteristic Sy(f) of frequency fluctuations 
corresponding to a desired time deviation characteristic, 
and convolutes the result of the calculation and a white 
noise signal to generate a fluctuating signal sequence 
y(k) having the power spectrum density distribution 



characteristic Sy(f). 

[0249] Instead of the fluctuating signal sequence gen- 
erator unit 24 as described, it is also possible to use the 
fluctuating signal sequence generator unit 24' illustrated 
5 in FIG. 23. 

[0250] This fluctuating signal sequence generator unit 
24' comprises the noise generating means 25, data dis- 
tributing means 51 , weighting means 54, and combining 
means 56. 

10 [0251 ] Then, the fluctuating signal sequence genera- 
tor unit 24* divides a frequency range of a power spec- 
trum density distribution characteristic Sy(f) of frequen- 
cy fluctuations corresponding to a desired TDEV char- 
acteristic into a plurality of bands, distributes white noise 

15 signals output from the noise generating means 25 at a 
rate in accordance with each band, applies correspond- 
ing weighting to power spectrum densities in each band 
by the weighting means 54, and combines them by 
means of the combining means 56 to generate a fluctu- 

20 ating signal sequence y(k) having the power spectrum 
density distribution characteristic Sy(f). 
[0252] Here, explanation will be given of the division 
of the frequency range of the power spectrum density 
distribution characteristic Sy(F) corresponding to the 

25 TDEV mask M2 into a plurality of bands. 

[0253] This characteristic Sy(f) is constant at frequen- 
cy equal to or lower than 0.01 Hz, and varies in propor- 
tion to 1/f or f in a range of the frequency from 0.01 Hz 
to 10 Hz. 

30 [0254] Therefore, the frequency range id divided such 
that the boundary of each band is located in a range in 
which the frequency covers 0.01 Hz to 1 0 Hz and such 
that the width of the respective bands are increased 
each time by a factor of two. 

35 [0255] For example, assuming that the highest 
boundary frequency fc1 is at 1 6 Hz, the second highest 
boundary frequency fc2 is at 8 Hz, the third boundary 
frequency fc3 is at 4 Hz, and in a similar manner, the 
eleventh boundary frequency fc 11 is at 1/64 Hz, and the 

40 twelfth boundary frequency fc1 2 is at 1/128 Hz (0.0078 
Hz). 

[0256] Thus, the frequency band may be divided into 
13 boundaries with 12 boundary frequencies fd -fc12. 
[0257] Thus, from the noise generating means 25, the 

45 white noise signal n(k) is generated at a rate twice (32 
Hz) the highest boundary frequency fd . 
[0258] Then, the data distributing means 51 distrib- 
utes the white noise signal n(k) into 1 3 signal paths such 
that the rate is reduced half by half in accordance with 

50 the frequency of each band. 

[0259] The data distributing means 51 comprises, for 
example, 13 1/2 dividers 52 1 -52 13 connected in series, 
each of which has an output that rises at a falling edge 
of an input signal; and 13 latch circuits 53 1 -53 13 which 

55 latch the noise signal n(k) at rising edges of divided out- 
puts of the respective 1/2 dividers 52 r 52 13 , as illustrat- 
ed in FIG. 24. 

[0260] Then, a clock signal CKn synchronized with 
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the noise signal n(k) is input to the 1/2 divider at the 
first stage 

[0261] Therefore, as the noise signal n(k) synchro- 
nized with the clock signal CKn as illustrated in FIG. 25A 

is output, for example, in the order of n(1), n(2) a 1/2 

divided signal which rises at a falling edge of the clock 
signal CKn is input to the latch circuit 53 t . 
[0262] Thus, the latch circuit 531 outputs odd-num- 
bered noise signals n1 [n(1), n(3), n(5), .... n(1+2i), ...] 
at a rate half the clock signal CKn (1 6 Hz), as illustrated 
in FIG. 25D. 

[0263] Also, a 1/4 divided signal, which rises in syn- 
chronism with falling of the 1/2 divided signal, is inputto 
the latch circuit 53s, as illustrated in FIG. 25E. 
[0264] Therefore, the latch circuit 53 2 outputs every 

fourth noise signals n2[n(2), n(6), n(10) n(2+4i), ...] 

from n(2) at a rate 1/4 the clock signal CKn (8 Hz), as 
illustrated in FIG. 25F. 

[0265] Further, a 1/8 divided signal, which rises in syn- 
chronism with falling of the 1/4 divided signal, is input to 
the latch circuit 533, as illustrated in FIG. 25G. 
[0266] Therefore, the latch circuit 53 3 outputs every 

eighth noise signals n3 [n(4), n(12), n(20) n 

(4+8i), ...] from n(4), at a rate 1/8 the clock signal CKn 
(4 Hz), as illustrated in FIG. 25H. 
[0267] Subsequently, in a similar manner, the respec- 
tive latch circuits 53 4 - 53 13 outputs every 16th, every 
32th, every 213th noise signals n4, n5, n13 of the 
noise signals output from the noise generating means 
25 at rates 1/2 4 , 1/25, -j/26, 1/2? 1/28, 1/2 9 , 1/2™, 1/2 11 , 
1/2 12 , 1/2 13 the clock signal CKn, respectively. 
[0268] As illustrated in FIG. 24, the noise signals 
n1-n13 at the respective rates are inputto 1 3 multipliers 
55 1 - 55 13 of the weighting means 54 and are multiplied 
by respective weighting coefficients a A - a 13 . 
[0269] The weighting coefficients - a 13 have the 
values proportional to square roots of magnitudes of 
spectra in the respective bands of the power spectrum 
density distribution characteristic Sy(f) divided by the 
boundary frequencies fc1 - fc1 2, and are set by the char- 
acteristic information setting means 23. 
[0270] Here, the characteristic information setting 
means designates the coefficient a 13 corresponding to 
a spectrum level of the lowest band (below 1/128 Hz) 
as a reference value 1 , and sets the remaining weighting 
coefficients a1 - o1 2 in conformity to the power spectrum 
density distribution characteristic Sy(f), as illustrated in 
FIG. 26: 
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[0271] Noise signals nV - n13' weighted in this way 
are input to the combining means 56. 
[0272] The combining means 56 comprises 1 2 poly- 
phase type sub-band combiners (QMF combiners) 57., 

- 57 12 which are connected in cascade, as illustrated in 
FIG. 27. 

[0273] Here, the respective sub-band combiners 57., 

- 57 12 combine outputs of a high pass filter and a low 
pass filter (both are digital filters) which are equal in cut- 
off frequency fc and output the results. 

[0274] Then, the cut-off frequencies of the respective 
sub-band combiners 57., - 57 12 match the boundary fre- 
quency fd - fc12 which divide the frequency range of 
the power spectrum density distribution characteristic 
Sy(f). 

[0275] The combining means 56 combines the re- 
spective noise signals n1 ' - n1 3', as illustrated in FIG. 28. 
[0276] Specifically, the sub-band combiner 57 12 hav- 
ing the lowest cut-off frequency combines the noise sig- 
nal n13\ the low band of which is cut by the frequency 
fc12, and the noise signal n12', the high band of which 
is cut by the frequency fc12, and inputs the resulting 
component to the sub-band combiner 57^ . 
[0277] The sub-band combiner 57^ combines the 
output of the sub-band combiner 57 12 , the low band of 
which is cut by the frequency fc11 , and the noise signal 
n 1 1 ', the high band of which is cut by the frequency fd 1 , 
and inputs the resulting component to the sub-band 
combiner 54 10 . 

[0278] Subsequently, in a similar manner, as a result 
of combining noise signals weighted at respective rates, 
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the sub-band combiner 57., generates a fluctuating sig- 
nal sequence y(k) having a characteristic along the pow- 
er spectrum density distribution characteristic Sy(f) of 
the frequency fluctuations. 

[0279] This fluctuating signal sequence y(k) is input 
to the adder 29 in a manner similar to the foregoing, and 
is added to the data Y0 for determining the center fre- 
quency. 

[0280] By inputting the result u(k) of the addition to 
the DDS 30, the clock signal of TDEV mask M2 can be 
generated. 

[0281] The characteristic M illustrated in FIG. 29 is the 
TDEV characteristic of a clock generated using the fluc- 
tuating signal sequence generator unit 24', and provides 
a characteristic extremely approximate to the TDEV 
mask M2. 

[0282] The explanation herein is given of the genera- 
tion of the fluctuation signal of the power spectrum den- 
sity distribution characteristic Sy(f) corresponding to the 
TDEV mask M2. 

[0283] Specifically, the fluctuating signal generator 
unit 24* can generate a fluctuating signal sequence of 
an arbitrary power spectrum density distribution by ar- 
bitrarily setting divided bands and weighting coeffi- 
cients. 

[0284] Also, as the data distributing means 51 of the 
fluctuating signal sequence generator unit 24', as illus- 
trated in FIG. 30, sub-band dividers 58 1 - 58 12 for divid- 
ing an input signal with a high pass filter and a low pass 
filter, which are equal in cut-off frequency, are connected 
in cascade, symmetrically to the respective sub-band 
combiners 57 \ - 57 ^ 2 , reverse to the respective sub- 
band combiners 57 n - 57 12 of the combining means 56, 
to output the noise signals n1-n13 at different rates in 
parallel, in a manner described above. 
[0285] In this event, the cut-off frequencies of the re- 
spective sub-band dividers 58^ - 58 12 are set identical 
to the cut-off frequencies of the sub-band combiners 57 n 
-57 12 . 

[0286] I n this way, the noise signals are output in par- 
allel at rates corresponding to the frequencies of bands 
into which the frequency band of the power spectrum 
density distribution characteristic Sy(f) is divided into 
plural numbers, and weighted in accordance with the 
power spectrum densities of the respective beads to 
generate the fluctuating signal sequence. 
[0287] Since the fluctuating signal of an arbitrary pow- 
er spectrum density distribution characteristic can be 
generated in this way, it is possible to readily generate 
a clock signal of a complicated TDEV mask character- 
istic which is difficult in calculating the impulse re- 
sponse. 

[0288] Also, in this case, as the noise generating 
means 25, it is possible to use one which has a plurality 
(m) of pseudo random signal generating means for gen- 
erating pseudo random codes of M-sequence at initial 
phases different from one another, and is configured to 
collect predetermined stages of outputs of the respec- 



tive pseudo random signal generating means to output 
an m-bit parallel white noise signal. 
[0289] In this way, it is possible to make the white 
noise signal extremely close to an ideal white noise, and 

s more accurately generate a clock signal having wander 
which satisfies a desired time deviation characteristic. 
[0290] Also, the aforementioned fluctuating signal se- 
quence generator unit 24' filters a signal sequence out- 
put from the noise generating means 25 by means of 

10 the data distributing means 51 , the weighting means 54 
and the combining means 56, wherein the weighting co- 
efficients o~i - o 12 for determining the spectrum charac- 
teristic of the result of the processing are set by the char- 
acteristic information setting means 23. 

15 [0291] Therefore, the data distributing means 51, 
weighting means 54 and combining means correspond 
to the filter unit in the aforementioned inventions (1 ), (5). 
[0292] Also, the characteristic information setting 
means 23 corresponds to the setting means in the afore- 

20 mentioned inventions (1), (5). 

[0293] In this way, the wander generator 21 of this em- 
bodiment comprises random number generating means 
for sequentially generating random number signals 
comprised of a plurality of bits at a constant rate in ac- 

25 cordance with a predetermined algorithm; a filter unit for 
receiving a sequence of random number signals output 
from the random number generating means for perform- 
ing filtering; clock generating means for generating a 
clock signal; modulating means for modulating the fre- 

30 quency of the clock signal generated by the clock signal 
generator by a signal output from the filter unit; and set- 
ting means for setting each amplitude value for a spec- 
trum of a signal sequence output from the filter unit such 
that the characteristic of wander of the clock signal hav- 

35 ing the frequency modulated by the modulating means 
matches a desired characteristic, so that a clock signal 
of a desired wander characteristic can be readily gen- 
erated. 

[0294] Also, the digital line tester 20 of this embodi- 

40 ment comprises a wander generator 21 for generating 
a clock signal CK1 having wander which satisfies a de- 
fined time deviation characteristic; a transmission unit 
40 for sending a digital signal synchronized with the 
clock signal CK1 output from the wander generator 21 

45 to a digital line 1 under testing; a reception unit 41 for 
receiving the digital signal returned from the digital line 
under testing and restoring a clock signal of the received 
digital signal; an error measuring unit 42 for measuring 
errors in the digital signal received by the reception unit 

50 41 ; a time deviation measuring unit 43 for measuring a 
time deviation characteristic of the clock signal CK1 , re- 
stored by the reception unit 41 ; a display device 47; and 
display control means 46 for displaying the result of 
measurements of the error measuring unit 42 and the 

55 time deviation characteristic measured by the time de- 
viation measuring unit 43 on the display unit 47 such 
that it can be compared with the defined time deviation 
characteristic. 
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[0295] Therefore, according to the digital line tester 
20 of this embodiment, the wander on the digital Hne 1 
under testing can be readily and efficiently evaluated, 
and a change in the wander due to the digital line 1 can 
be readily compared on the display screen. 
[0296] Also, since the digital line tester 20 of this em- 
bodiment has the wander generator 21 , comprising the 
wander generator unit, configured as described above, 
a digital signal synchronized with the clock signal CK1 
having the wander which satisfies a desired time devi- 
ation characteristic can be sent to the digital line 1 under 
testing, thereby making it possible to correctly evaluate 
the digital line as well as reduce the size of the appara- 
tus. 

[0297] Next, in the wander generator for digitally fil- 
tering a noise signal sequence in the filter unit, and out- 
putting a clock signal having the frequency modulated 
by an output signal of the filter unit in the manner de- 
scribed above, explanation will be given of techniques 
for promptly outputting the clock signal having wander 
of desired characteristic upon starting the apparatus or 
upon switching the characteristic and for previously ac- 
quiring the characteristic of wander of a clock signal to 
be output, and the characteristic of a signal which mod- 
ulates the clock signal. 

[0298] Specifically, the filtering performed by the con- 
volution processing means 28 or the data distributing 
means 51, weighting means 54 and combining means 
56 in the manner described above involves processing 
of storing an input signal sequence while sequentially 
shifting it into a plurality of internal storage elements, 
and performing product sum calculations of the contents 
stored in the respective storage elements with coeffi- 
cients corresponding to the respective storage elements 
to sequentially output the results of the calculations. 
[0299] Therefore, for providing an arbitrary frequency 
characteristic as described above, it is necessary to in- 
crease the frequency resolution which can be set. 
[0300] For this purpose, it is necessary to increase the 
order number of filters, i.e., increase the number of in- 
ternal storage elements. 

[0301] When the number of storage elements is in- 
creased in this way, a very long time will be required until 
a signal of a desired wander characteristic is output dur- 
ing an initial stage of operation and upon switching the 
characteristic. 

[0302] Also, if the characteristic of the wander of the 
clock signal output in this way can be arbitrarily varied, 
it is inconvenient if previous confirmation cannot be 
made as to wh ich TD EV characteristic an actually output 
clock signal has. 

[0303] To solve this, it is contemplated to measure an 
actually output clock signal and a noise signal to display 
the result of the measurements. 
[0304] However, a method of actually measuring the 
clock signal and the noise signal in this way would com- 
plicate the configuration as the wander generator, and 
take an inhibitive time (several hours to several tens of 



days) until completion of measurements depending on 
the contents of characteristics under measurement, 
thereby encountering difficulties in its implementation. 
[0305] Thus, explanation will be next given of details 

5 on a wander generator which is capable of promptly 
generating a clock signal having a wander of a desired 
characteristic, and is capable of readily keeping track of 
the characteristic of wander of an actually output clock 
signal and the characteristic of a signal which modulates 

10 the clock signal. 

[0306] FIG. 31 illustrates a noise generator unit 120 
included in the wander generator which has been cre- 
ated for solving the foregoing problems. 
[0307] White noise generating means 1 21 in the noise 

15 generating unit 1 20 outputs a digital white noise signal 
n(k) at a predetermined rate. 

[0308] For example, as illustrated in FIG. 32, the white 
noise generating means 121 adds K-bit random signals 
each output serially from a plurality N (for example 
20 |\|=12) of pseudo random signal generators 122(1)-122 
(N) in synchronism with a clock signal CKn by means of 
an adder circuit 124 to output a white noise signal n(k) 
of K+[log 2 N] bits. 

[0309] Here, the parenthesis [] represents an integer 

25 number with raised decimal fraction. 

[0310] The plurality N of pseudo random signal gen- 
erators 122(1) - 122(N) generates pseudo random sig- 
nals at a code period (2 S -1) generated from identical 
shift registers at S stages. 

30 [0311] Thus, for spacing apart correlation peaks of the 
output, the plurality N of pseudo random signal genera- 
tors 1 22(1 ) - 1 22 (N) are initially set such that the phases 
of output codes largely vary by a control circuit 1 23, and 
repeatedly output noise signals n(1), n(2), ...,n(2 s -2), n 

35 (2 S -1 ) as one period. 

[0312] In this way, an instantaneous value of the white 
noise signal generated by adding a plurality of pseudo 
random signals approximates to a Gauss distribution 
characteristic. 

40 [0313] Here, the control circuit 123 receives a noise 
signal output instruction from initial setting means 131 , 
later described, and initializes the pseudo random signal 
generators 1 22(1 ) - 1 22(N) to output clock signals CKn . 
[031 4] Also, a noise signal n(k) output from the white 

45 noise generating means 1 21 is input to a filter unit 1 25. 
[0315] The filter unit 125 has a digital filter which 
stores a digital signal sequence while sequentially shift- 
ing it into a plurality of internal storage elements, and 
performs product sum calculations for the contents 

50 stored in the plurality of storage elements. 

[0316] Then, the filter unit 125 converts the noise sig- 
nal n(k) output from the white noise generating means 
121 to a noise signal of a frequency characteristic cor- 
responding to a previously set characteristic coefficient 

55 and outputs the same. 

[031 7] The explanation herein is given of the filter unit 
125 which is comprised, for example, of. an FIR type 
digital filter 126 as illustrated in FIG. 33. 



22 



43 



EP1 164 696 A1 



44 



[0318] The digital filter 126 comprises a plurality M of 
stages of series storage elements (also referred to as 
delay elements) 127(1) - 127(M) for storing input data 
while sequentially shifting it into later stages; multipliers 
128(1) - 128(M+1) for multiplying input data to the stor- 
age element at the first stage and output data of the re- 
spective storage elements 127(1)-127(M) by filter coef- 
ficients (characteristic coefficients of this embodiment) 
hO - hM p respectively; and an adder 129 for producing 
a total sum of outputs of the multipliers 128(1) - 128 
(M+1). 

[031 9] Each of the storage elements 1 27(1 ) - 1 27(M) 
sequentially shifts the noise signal n(k) in synchronism 
with the clock signal CKn. 

[0320] Also, each of the storage elements 127(1) - 
127(M) can set arbitrary values D(1) - D(M) from the in- 
itial setting means 131 , later described. 
[0321] The filter coefficients hO - hM input to the mul- 
tipliers 128(1) - 128(M+1) are set by characteristic co- 
efficient setting means 130, later described. 
[0322] The FIR type digital filter 126 thus configured 
converts the input noise signal n(k) to a noise signal 
(corresponding to the aforementioned fluctuating signal 
sequence) having a frequency characteristic in accord- 
ance with the filter coefficients hO - hM. 
[0323] Then, the characteristic coefficient setting 
means 1 30 sets a characteristic coefficient for determin- 
ing the characteristic of the noise signal u(k) output from 
the filter unit 1 25 (a filter coefficient when the filter unit 
125 is comprised only of the digital filter 126 as is the 
foregoing case), and can set an arbitrary characteristic 
coefficient thro ugh manipulations on a manipulation unit 
or the like, not shown. 

[0324] The initial setting means 131 in turn has a 
memory (ROM) 131a, and retrieves a noise signal se- 
quence equivalent to the contents stored in the respec- 
tive storage elements in the digital filter in a state in 
which a noise signal of a frequency characteristic cor- 
responding to a characteristic coefficient is being output 
from the filter unit 125, based on the contents of the 
memory 131a, and initially sets the noise signal se- 
quence in the respective storage elements in the digital 
filter at least upon initial operation of the apparatus. 
[0325] Specifically, the initial setting means 131, 
when the filter unit 125 is comprised only of the digital 
filter 1 26 as described above, initially sets a noise signal 
sequence equivalent to the contents stored in the re- 
spective storage elements 127(1) - 127(M) in a state in 
which a noise signal of a frequency characteristic cor- 
responding to filter coefficients h 0 - h M is being output 
from the digital filter 126. 

[0326] Assuming herein that the noise signal n(1) 
generated by the white noise generating means 121 in 
an initial phase of operation is known, M noise signals 
n(2N-1), n(2N-2), n(2N-M) preceding the noise sig- 
nal n(1) have been previously stored in the memory 
131a as initial values D(1) - D(M), respectively. 
[0327] Then, the initial setting means 131 instructsthe 



respective storage elements 127(1) - 127(M) of the dig- 
ital filter 26 to output the noise signals to the white noise 
generating means 121, after respective initial settings, 
in an initial phase of operation such as power on, as il- 

5 lustrated in FIG. 34. 

[0328] Thus, the internal state of the filter unit 125 is 
immediately set to the same state as a steady state in 
the initial phase of operation, so that noise signals of 
frequency characteristics in accordance with the filter 

10 coefficients h 0 - h M set by the characteristic coefficient 
setting means 1 30 are immediately output from the filter 
unit 125. 

[0329] The noise signal u(k) output from the filter unit 
125 is input to a multiplier 132. 
15 [0330] The multiplier 1 32 multiplies the noise signal u 
(k) by an amplitude coefficient A set by amplitude setting 
means 133, and outputs the result of the multiplication 
as a noise signal y(k) of a desired characteristic. 
[0331] Also, characteristic calculating means 134 
20 finds the frequency characteristic, amplitude and the like 
of the noise signal y(k) output from the multiplier 132 
based on the characteristic coefficient set in the filter unit 
and the amplitude coefficient A set in the multiplier 1 32. 
[0332] Characteristic display means 135 in turn dis- 
ss plays the characteristic of the noise signal found by the 
characteristic calculating means 134 on a display 136 
as a graph or numerical values. 

[0333] In the noise generating unit 1 20 configured as 
described, noise signals equivalent to the contents 

so stored in the respective storage elements 127(1)-127 
(M) in the digital filter 126 in a state in which a noise 
signal of a frequency characteristic corresponding to a 
characteristic coefficient is being output from the filter 
unit 125 are initially set in the respective storage ele- 

35 ments 127(1) - 127(M) by the initial setting means 131 
at least in an initial phase of operation of the apparatus. 
[0334] For this reason, the noise signal of a frequency 
characteristic corresponding to a characteristic coeffi- 
cient can be immediately output from the filter unit 125 

40 without waiting until M noise signals are fetched into the 
filter unit 125 from the white noise generating means 
121 , thereby making it possible to eliminate influences 
on measurements due to outputs of noise signals which 
do not fit the characteristic. 

45 [0335] Also, the characteristic calculating means 1 34 
finds the characteristic of the output noise signal y(k) 
based on the characteristic coefficient set in the filter unit 
1 25 by the characteristic setting means 1 30 and the am- 
plitude coefficient A in the amplitude setting means 1 33, 

so and displays the characteristic by the characteristic dis- 
play means 135, so that the characteristic of the noise 
signal y(k) to be output can be conveniently confirmed 
promptly beforehand. 

[0336] While the foregoing explanation has been giv- 
55 en of the filter unit 1 25 comprised of only the digital filter 
126, this does not limit the present invention. 
[0337] For example, the filter unit 125 may be com- 
prised of a divider circuit 141, a weighting circuit 143, 
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and a combining circuit 145 including a digital filter, as 
illustrated in FIG. 35. 

[0338] Here, the divider circuit 141 has a plurality P 
of 1/2 decimate circuits 142(1) - 142(P) connected in 
cascade. 

[0339] Each of the 1/2 decimate circuits 142(1) - 142 
(P) is a circuit for alternately distributing input data into 
two output paths and outputting them at a rate half the 
input rate. 

[0340] As the 1/2 decimate circuit 142(P) at the first 
stage receives noise signals n(1), n(2), n(3), ... as illus- 
trated in FIG. 36A, it outputs odd-numbered noise sig- 
nals n(1), n(3), n(5), ... from one output thereof , while it 
outputs even-numbered noise signals n(2), n(4), n(6), ... 
from the other output terminal, as illustrated in FIG. 36B. 
[0341] The noise signals output from the other input 
terminal is input to the 1/2 decimate circuit 142(P-1) at 
the second stage. 

[0342] Similarly, the 1/2 decimate circuit 1 42(P-1 ) out- 
puts, within the input noise signals n(2), n(4), n(6), 
the noise signals n(2), n(6), n(10), ... from one output 
terminal, and the noise signals n(4), n(8), n(12), ... from 
the other output terminal, as illustrated in FIG. 36C. 
[0343] The noise signals output from the other output 
terminal is input to the 1/2 decimate circuit 142(P-2) at 
the third stage. 

[0344] Similarly, the 1/2 decimate circuit 1 42(P-2) out- 
puts the noise signals n(4), n(12), n(20), ...from one out- 
put terminal, and the noise signals n(8), n(16), n(24), ... 
from the other output terminal, as illustrated in FIG. 36D. 
[0345] Similarly, the 1/2 decimate circuit 142(P-3) at 
the fourth stage outputs noise signals n(8), n(24), n 
(40), ... from one output terminal, and the noise signals 
n(16), n(32), n(56), ... from the other output terminal, as 
illustrated in FIG. 36E. 

[0346] Further, from the respective 1/2 decimate cir- 
cuits 142(P-4) - 142(1), noise signals are output such 
that the output rate is reduced by a factor of two. 
[0347] In this way, the noise signals , n 2 , n 3 , ...,n P+1 
output at different rates from the one output terminal of 
each of the 1/2 decimate circuits 1 42(1 )-1 42(P) are input 
to multipliers 144(1) - 144(P+1) of the weighting circuit 
143. 

[0348] The multipliers 1 44(1 ) - 1 44(P+1 ) multiply the 
input noise signals n 1f n 2 , n 3 , n P+1 by weighting co- 
efficients (characteristic coefficients) , a 2 , a 3 g p+1 , 

respectively, and output the resulting noise signals. 
[0349] By thus weighting the noise signals n v n 2 , 
n 3 , n P+1 at the respective rates, it is possible to arbi- 
trarily set the frequency characteristic for the noise sig- 
nal u(k) output from the filter unit 125. 
[0350] For example, by performing the weighting as 
illustrated in FIG. 37 (in this figure, P is 12), it is possible 
to generate a clock signal having phase fluctuations 
(wander) of a power spectrum density distribution cor- 
respond! ng to a particular TDEV mask characteristic for 
use in the evaluation of the wander. 
[0351] In this event, the power spectrum density dis- 
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tribution follows a distribution of square values of a. 
{0352} Also, the weighted nois signals nj, n 2 '» n 3 ', .... 
n P+1 ' at the respective rates are input to sub-band com- 
biners 146(1) - 146(P) of the combiner circuit 145. 
5 [0353] Here, each of the sub-band combiners 1 46(1 )- 
146(P) contains an FIR type LPF (low pass filter) and 
HPF (high pass filter) having a common cut-off frequen- 
cy. 

[0354] Then, each of the sub-band combiners 146(1)- 

10 146(P) is configured to interpolate two digital signals in- 
put thereto to block a lower band of one input (with the 
higher frequency) by the HPF, and to block a higher 
band of the other input (with the lower frequency) by the 
LPF, and to combine outputs of both filters to output the 

15 resulting signal. 

[0355] It should be noted that the cut-off frequency of 
the internal filter of each of the sub-band combiners 146 
(1) - 146(P) is set twice as high as the preceding one, 
corresponding to the rates of the input noise signals, in 

20 the order of 2fa, 4fa, 8fa 2 p_1 fa, wherein fa is the cut- 
off frequency of the internal filter of the sub-band com- 
biner 146(1) having the lowest frequency. 
[0356] In this way, the respective sub-band combiners 
146(1) - 146(P) are connected to combine the noise sig- 

25 nals in order from the one having the lowest rate. 

[0357] Specifically, as illustrated in FIG. 38, the two 
noise signals at the lowest rates n.,', n 2 ' are combined 
at the cut-off frequency f 1 in the sub-band combiner 1 46 
0) 

so [0358] The combined output and the noise signal n 3 ' 
are combined at the cut-off frequency 2fa in the sub- 
band combiner 146(2). 

[0359] The combined output and the noise signal n 4 ' 
are combined at the cut-off frequency 4fa in the sub- 

35 band combiner 146(3). 

[0360] Subsequently, in a similar manner, the noise 
signals are combined in order from the lowest rate, so 
that the sub-band combiner 146(P) outputs the noise 
signal u(k) of the frequency characteristic in which the 

40 level in each band of an octave width varies in accord- 
ance with the weighting coefficients, as illustrated in 
FIG. 38. 

[0361] As described above, with the filter unit 125 
comprised of the weighting circuit 143 and the combin- 
es jng circuit 1 45, filters in the respective subband combin- 
ers 146 in the combiner circuit 145 have fixed cut-off 
frequencies, so that the filter coefficients need not be 
variably controlled. Thus, the weighting coefficients o v 
o 2 , o 3 , .... o> +1 for determining the characteristics of the 
50 filters are set by the characteristic coefficient setting 
means 130. 

[0362] The initial setting means 131 initially sets a 
noise signal sequence of the characteristic identical to 
the contents stored in the respective storage elements 
55 in a state in which noise signals of frequency character- 
istics corresponding to characteristic coefficients (in this 
event, weighting coefficients) are being output from the 
filter unit 125 for internal storage element of the filters 
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(digital filters) of the combiner circuit in an initial phase 
of operation of the apparatus and upon changing the 
weighting coefficients. 

[0363] In this event, however, since the signal se- 
quence output from the white noise generating means 
121 cannot be simply substituted in the manner de- 
scribed above, initial values to be set in the storage el- 
ements of the respective filters are calculated and set 
therein based on the noise signals and information such 
as the weighting coefficients from the characteristic co- 
efficient setting means 130 and the like. 
[0364] Specifically, assuming, as described above, 
that the noise signal n(1) generated by the white noise 
generating means 121 in an initial phase of operation is 
known, the respective noise signals - n P+1 output 
from the divider circuit 141 are also known when the 
white noise generating means 121 generates the noise 
signal n(1) in a steady state, and the characteristics 
(transfer functions) of the filters of the respective sub- 
band combiners 1 46 in the combiner circuit 1 45 are also 
known. 

[0365] Further, assume that the storage elements in 
the internal LPF and HPF of the respective sub-band 
combiners 146(1) - 146(P) in the combiner circuit 145 
have M stages, similarly to the foregoing. 
[0366] In this event, M regular noise signals are input 
to the respective storage elements of the filters of the 
sub-band combiner 146(P) at the final stage when 2P • 
M noise signals are input to the sub-band combiner 1 46 
(1) at the first stage. 

[0367] A stored value Li(m) in a storage element at an 
m-th stage of the LPF and a stored value Hi(m) in a stor- 
age element at an m-th stage of the HPF of the i-th (i is 
any of 1 through P) sub-band combiner 146(i) are ex- 
pressed by: 

Li(m) = j=i + 1 a r Xj(m) 

H,(m) = j = 1 + 1 o r y,(m) 

where Xj(m), Vj(m) are constant sequences (constant se- 
quences when the weighting coefficient is set to one) 
derived from the transfer functions of the LPF and HPF, 
and the noise signal output from the white noise gener- 
ating means 121 . 

[0368] As described above, the transfer functions of 
the LPF and HPF, and the noise signal output from the 
white noise generating means 121 are known. 
[0369] Therefore, the noise signal u(k) of a desired 
characteristic can be immediately output if the constant 
sequences Xj(m), Vj(m) have been previously found and 
stored in the memory 1 31 a, and initial values are derived 
for the filters through the foregoing calculations and set 
in the respective sub-band combiners 146(1) - 146(P) 
in an initial phase of operation or upon changing the 
weighting coefficients. 
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[0370] The total n umber of times of performed product 
sum calculations is: 

5 M[(P+1) 2 + (P+1)-2] 

With M=24, P+1 =20, the total number of times amounts 
to 10032, so that the product sum calculations can be 
completed in a short time. 
10 [0371] Then, the initial setting means 131 sets the in- 
itial values Li(1) - L^M), l_2(1) - L 2 (M), .... L P (1) - L P (M), 
H^l) - H^M), H 2 (1) - H 2 (M), .... H P (1) - H P (M), derived 
by the calculations, in the storage elements of the inter- 
nal LPFs and HPFs of the respective sub-band combin- 
es ers 146(1) - 146(P) in the combiner circuit 145, and in- 
structs the white noise generating means 121 to output 
noise signals. 

[0372] If this initial setting were actually performed by 
inputting the noise signals from the white noise gener- 
ic ating means 1 21 , 2 P • M noise signals must be input as 
mentioned above, resulting in about 70 hours taken 
therefor, assuming that the input rate is 50 Hz. 
[0373] Also, even if the input rate is increased only 
during the initial setting, the total number of times of 
25 product sum calculations required for the combiner cir- 
cuit 145 to calculate 2 P • M noise signals is 2M 2 (2 P -1), 
so that product sum calculations are required 60205 
times more, assuming M=24, P+1 =20 similarly to the 
foregoing, needing a long time. 
30 [0374] In this way, by initially setting the respective 
storage elements of the digital filters in the filter unit 125 
in an initial phase of operation or upon changing the 
characteristic coefficients, the internal state of the filter 
unit 125 is immediately set to the state identical to the 
35 steady state, so that the filter unit 1 25 can promptly out- 
put the noise signals of frequency characteristic in ac- 
cordance with characteristic coefficients (in this event, 
weighting coefficients) set by the characteristic coeffi- 
cient setting means 130. 
40 [0375] FIG. 39 illustrates the general configuration of 
a wander generator 1 50 according to the present inven- 
tion which includes the configuration of the noise gen- 
erating unit 120 described above. 
[0376] In FIG. 39, white noise generating means 1 21 , 
45 a filter unit 125, characteristic coefficient setting means 
130, initial setting means 131 , a multiplier 132 and am- 
plitude setting means 133 are identical to those in the 
noise generating unit 120. 

[0377] This wander generator 150 inputs an output y 
so (k) of the multiplier 132 to a frequency synthesizer 151 . 
[0378] The frequency synthesizer 1 51 , which is com- 
prised, for example, of DDS, a phase locked loop (PLL) 
oscillator and the like, has a predetermined center fre- 
quency, and outputs a clock signal CK which has a 
55 phase (i.e., the frequency) modulated in accordance 
with the output y(k) of the multiplier 132. 
[0379] On the other hand, characteristic calculating 
means 134' calculates the characteristic of the noise 
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signal y(k) or the characteristic of wander in the clock 
signal CK based on characteristic coefficients from the 
characteristic coefficient setting means 130; an ampli- 
tude coefficient A of the amplitude setting means 133, 
and parameters set from an manipulation unit orthe like, 
not shown. 

[0380] For example, as an evaluation amount of wan- 
der that is phase fluctuations at 1 0 Hz or less, there are 
TIErms (x) (Root Mean Square Time Interval Error), 
ADEV (x) (Allan Deviation), MADEV (nx 0) (Modified Al- 
lan Deviation), TDEV (nx 0) (Time Deviation), and the 
like. 

[0381] If they were actually measured for a clock sig- 
nal CK, a very long time (several hours or longer) would 
take as mentioned above. 

[0382] Therefore, the wander generator 150 selec- 
tively finds the characteristic of the wander by perform- 
ing the following equations in the characteristic calcu- 
lating means 134': 

TIErms (x) 
= [8jSx(f)sin 2 (j:fT)dff 

ADEV (t) 
= [(16/T 2 )JSx(f)sin 4 (7:fx)df] % 

MADEV(nx 0 ) 
= {[16/(n 2 x 0 ) 2 ]f[sin%fnx 0 ) 
/sin 2 (7cfx 0 )] • Sx(f)df} 1/2 

(where n=0, 1, 2, N) 

TDEV(n x 0 ) 
= {(16/3n 2 )J[sin 6 (7cfnx 0 ) 
/sin 2 (7ifx 0 )] • Sx(f)df} 1 ' 2 

(where n=0, 1, 2, N) 
Sx(f) 

= fc[(<y a -u.A)sin(7if/f s )/27cf 
sin(7cf/f c )] 2 • IH(e jnf/fs )l 2 

[0383] The symbol J represents integration for f = 0-f 
= fh; the parameter fh is a maximum frequency of noise; 
x is a measuring time; x 0 is a measurement sampling 



time; o a is a standard deviation of the white noise; f s is 
a sampling frequency of the white noise generating 
means 121; u is a quantization step of DDS when the 
frequency synthesizer 151 is comprised of DDS; and f c 
5 is a clock frequency of a D/A converter of the same. 
[0384] Also, A is an amplitude coefficient from the am- 
plitude setting means 133; IHfeJ 7 ^ 8 )! is a frequency 
characteristic calculated based on the characteristic co- 
efficient set by the characteristic coefficient setting 
10 means 131 ; and Sx(f) is the power spectrum of a time 
error calculated based on the characteristic coefficient 
set by the characteristic coefficient setting means 131 . 
[0385] The characteristics derived by the calculations 
as above are displayed on the display 136 by the char- 
's acteristic display means 1 35 as numerical values or a 
graph. 

[0386] Thus, the foregoing calculations are performed 
based on the characteristic coefficients, amplitude co- 
efficient and parameters without measuring an actual 
20 clock signal, so that the characteristics can be found in 
a short time. 

[0387] In this way, it is possible to confirm beforehand 
the characteristic of the noise signal, and the character- 
istic of wander in a clock signal which is frequency mod- 

25 ulated by the noise signal when a signal is output. 
[0388] While the foregoing embodiment has been de- 
scribed for the case where the digital filter included in 
the filter unit 125 is a finite impulse response (FIR) type, 
this does not limit the present invention. 

30 [0389] Specifically, any digital filter may be used as 
long as it performs the processing while input data is 
shifted into a plurality of internal storage elements. For 
example, an infinite impulse response (MR) type digital 
filter may be applied as well in a similar manner. 

35 [0390] The white noise generating means 121 in the 
wander generator 150 sequentially outputs the white 
noise signal n(k) comprised of a plurality of bits at a con- 
stant rate determined by the clock signal CKn in accord- 
ance with a predetermined algorithm determined by an 

40 internal structure of the pseudo random signal genera- 
tors 122(1)- 122(N). 

[0391] Therefore, the white noise generating means 
121 corresponds to the random number generating 
means in the aforementioned inventions (1), (2), stmi- 
45 larly to the random number generating means 25 in the 
wander generators 21,21'. 

[0392] Also, the filter unit 1 25 filters a signal sequence 
output from the white noise generating means 121 . 
[0393] Therefore, the filter unit 125 corresponds the 

50 fitter unit in the aforementioned inventions (1), (3), (4), 
(5), similarly to the convolution processing means 28, 
data distributing means 51, weighting means 54 and 
combining means 56 of the wander generators 21 , 2V. 
[0394] Also, the frequency synthesizer 151 corre- 

55 sponds to the clock generating means and the modulat- 
ing means in the aforementioned invention (1) since it 
outputs the clock signal CK which has the frequency 
modulated by the output of the filter unit 125. 
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[0395] Also, the characteristic coefficient setting 
means 130 provides the filter unit 125 with coefficients 
which determine the frequency characteristics of a sig- 
nal sequence output from the filter u nit 1 25 such that the 
characteristic of wander in the clock signal output from s 
the frequency synthesizer 1 51 matches a desired char- 
acteristic. 

[0396] Therefore, the characteristic coefficient setting 
means 130 corresponds to the setting means in the 
aforementioned inventions (1), (4), (5). 
[0397] Then , the wander generator 1 50, as is the case 
of the aforementioned wander generators 21 , 21' com- 
prises random number generating means for sequen- 
tially generating a random number signal comprised of 
a plurality of bits at a constant rate in accordance with 
a predetermined algorithm; a filter unit for receiving a 
sequence of random number signals output from the 
random number generating means for performing filter- 
ing; clock generating means for generating a clock sig- 
nal; modulating means for modulating the frequency of 
the clock signal generated by the clock signal generator 
by a signal output from the filter unit; and setting means 
for setting each amplitude value for a spectrum of a sig- 
nal sequence output from the filter unit such that the 
characteristic of wander of the clock signal having the 
frequency modulated by the modulating means match- 
es a desired characteristic, so that a clock signal of a 
desired wander characteristic can be readily generated. 
[0398] Therefore, the wander generator 150 can 
readily generate a clock signal having wander of a de- 
sired characteristic. 

[0399] Also, the initial setting means 131 of the wan- 
der generator 150 initially sets values equivalent to 
stored values stored in the respective storage elements 
in a steady state in which a clock signal having wander 
of a desired characteristic is being output in the storage 
elements included in the filter unit 125 through a path 
different from a signal input path in a steady state. 
[0400] Therefore, the initial setting means 131 corre- 
sponding to the initial setting means in the aforemen- 
tioned invention (6). 

[0401 ] I n this way, the wander generator 1 50 sets in- 
itial values in the storage elements in the filter unit 125 
by means of the initial setting means 1 31 , thereby mak- 
ing it possible to promptly output a clock signal having 
a desired wander characteristic. 
[0402] Also, the characteristic calculating means 1 34' 
of the wander generator 1 50 calculates the characteris- 
tic of the wander in the frequency-modulated clock sig- 
nal based on information including the signals set in the 
filter unit 125 from the characteristic coefficient setting 
means 130. 

[0403] Therefore, the characteristic calculating 
means 134' corresponds to the characteristic calculat- 
ing means in the aforementioned invention (7). 
[0404] Also, the characteristic display means 1 35 dis- 
plays the wander characteristic found by the character- 
istic calculating means 134', so that it corresponds to 



the characteristic display means in the aforementioned 
invention (7). 

[0405] Thus, the wander generator 1 50 calculates the 
characteristic of the wander in the frequency-modulated 
clock signal based on the information including the sig- 
nals set in the filter unit 125 from the characteristic co- 
efficient setting means 130, and displays the calculated 
wander characteristic, so that the characteristic can be 
conveniently known beforehand without measuring the 
wander characteristic of an actually output clock signal. 
[0406] It should be noted that the foregoing wander 
generator 1 50 may be used instead of the wander gen- 
erators 21 , 21 1 of the digital line tester 20. 
[0407] In this event, the characteristic of wander cal- 
culated by the characteristic calculating means 134' is 
displayed on the display device 47 through the display 
control means 46. 

[0408] As explained above, the wander generator ac- 
cording to the aforementioned invention (1) comprises 
random number generating means (25, 121) for se- 
quentially generating a random number signal com- 
prised of a plurality of bits at a constant rate in accord- 
ance with a predetermined algorithm; a filter unit (28, 
1 25) for receiving a sequence of random number signals 
output from the random number generating means for 
performing filtering; clock generating means (30, 31 , 
151) for generating a clock signal; modulating means 
(30, 151) for modulating the frequency of the clock sig- 
nal generated by the clock signal generator by a signal 
output from the filter unit; and setting means (23, 26, 
130) for setting each amplitude value for a spectrum of 
a signal sequence output from the filter unit such that 
the characteristic of wander of the clock signal having 
the frequency modulated by the modulating means 
matches a desired characteristic, so that a clock signal 
of a desired wander characteristic can be readily gen- 
erated. 

[0409] Also, as to the wander generator according to 
the aforementioned invention (2), in the wander gener- 
ator as set forth in the aforementioned (1), the random 
signal generating means has a plurality of pseudo ran- 
dom signal generator, wherein the plurality of pseudo 
random signal generators combine pseudo random sig- 
nals generated thereby respectively, and random 
number signals comprised of the plurality of bits is se- 
quentially generated at a constant speed, thereby mak- 
ing it possible to make the random number signal ex- 
tremely close to an ideal white noise and more accu- 
rately generate a clock signal of a desired wander char- 
acteristic. 

[041 0] Also, as to the wander generator according to 
the invention (3), in the wander generator as set forth in 
the aforementioned (1 ), the filter unit includes a plurality 
of storage elements for storing an input signal sequence 
while sequentially shifting it; and calculating means for 
performing a product sum calculation of stored values 
stored in the plurality of storage elements with a plurality 
of coefficients, thereby making it possible to correctly 
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perform the filtering through the calculation and more 
accurately generate a clock signal of a desired wander 
characteristic. 

[0411] Also, the wander generator according to the 
aforementioned invention (4) is characterized in that, in s 
the wander generator as set forth in the aforementioned 
(3), the filter unit is configured to store a random number 
signal sequence output from the random number gen- 
erating means in the plurality of storage elements, per- 
form the product sum calculation by means of the cal- io 
culating means, and filterthe random number signal se- 
quence, wherein the setting means sets the plurality of 
coefficients in the calculating means as signals for set- 
ting respective amplitude values for spectra of the signal 
sequence output from the filter unit, thereby making it is 
possible to generate a clock signal of a desired wander 
characteristic in a simple configuration. 
[0412] Also, the wander generator according to the 
aforementioned invention (5) is characterized in that, in 
the wander generator as set forth in the aforementioned 20 
(3), the filter unit comprises data distributing means (51 , 
141) for distributing the random number signal se- 
quence generated by the random number signal gener- 
ating means into a plurality of paths having different 
rates from each other; weighting means (54, 143) for 25 
weighting a signal sequence for each of the paths dis- 
tributed by the data distributing means with a previously 
set coefficient for each of the paths; and combining 
means (56, 145) for combining the signal sequences on 
the respective paths weighted by the weighting means so 
by means of a plurality of sub-band combiners com- 
prised of a plurality of storage elements and calculating 
means and for outputting the result of the combination 
as the result of filtering, wherein the setting means sets 
the plurality of weighting coefficients in the weighting 35 
means of the filter unit as signals for setting respective 
amplitude values for spectra of the signal sequence out- 
put from the filter unit, thereby making it possible to set 
the wander characteristic of an output clock signal with 
a higher degree of freedom. 

[0413] Also, the wander generator according to the 
aforementioned invention (6), in the wander generator 
as set forth in any of the aforementioned (3) through (5), 
comprises initial setting means (131) for initially setting 
values equivalent to stored values stored in the respec- 45 
tive storage elements in a steady state in which the clock 
signal having the wander of the desired characteristic is 
being output to the respective storage elements includ- 
ed in the filter unit at least in an initial phase of operation 
of the apparatus through a path different from a signal so 
input path in the steady state, thereby making it possible 
to immediately output a clock signal having a desired 
wander characteristic and rapidly start a measurement. 
[0414] Also, the wander generator according to the 
aforementioned invention (7), in the wander generator 55 
as set forth in the foregoing (1 ), comprises characteristic 
calculating means (134') for calculating a characteristic 
of wander in a clock signal frequency-modulated by the 



modulating means based on information including a sig- 
nal set In tne filter unit from the setting unit; and charac- 
teristic display means (135) for displaying the charac- 
teristic calculated by the characteristic calculating 
means, so that the wander characteristic of an actually 
output clock signal can be conveniently confirmed be- 
forehand. 

[041 5] Also, the digital line apparatus according to the 
aforementioned invention (8) comprises a wander gen- 
erator unit (21 , 40) for generating a test signal having 
wander; and a wander measuring unit (41 , 43) for eval- 
uating a signal passing through a digital line under test- 
ing from the wander generator unit, wherein the wander 
generator unit includes the wander generator set forth 
in any of the aforementioned (1) through (7), and is con- 
figured to output a test signal synchronized with a clock 
signal output from the wander generator, thereby mak- 
ing it possible to output a test signal synchronized with 
a clock signal of a desired wander characteristic to a 
digital tine under testing, and measure the wander char- 
acteristic of the signal passing through the digital line. 
[0416] Also, the wander generator according to the 
aforementioned invention (9), which is a wander gener- 
ator for generating a clock signal having wander which 
satisfies a desired time deviation characteristic, com- 
prises center frequency information setting means (22) 
for setting data for determining a center frequency of the 
clock signal; characteristic information setting means 
(23) for setting characteristic information of the desired 
time deviation characteristic; a fluctuating signal se- 
quence generator unit (24) for generating a fluctuating 
signal sequence having a power spectrum density dis- 
tribution characteristic of frequency fluctuations corre- 
sponding to the desired time deviation characteristic 
based on characteristic information set by the charac- 
teristic information setting means; an adder (29) for add- 
ing data set by the center frequency information setting 
means to the fluctuating signal sequence output from 
the fluctuating signal sequence generator unit; a direct 
digital synthesizer (30) for outputting a frequency signal 
corresponding to an output of the adder; and a clock sig- 
nal output circuit (31 ) for waveform shaping an output 
signal of the direct digital synthesizer to output a clock 
signal, thereby making it possible to readily generate a 
clock signal having a desired time deviation character- 
istic. 

[041 7] Also, as to the wander generator according to 
the aforementioned invention (10), in the wander gen- 
erator as set forth in the aforementioned (9), the fluctu- 
ating signal sequence generator unit comprises noise 
generating means (25) for generating a white noise sig- 
nal based on a pseudo random signal; impulse re- 
sponse processing means (26) for calculating an im- 
pulse response of a transfer function for approximating 
a power spectrum of a white noise signal output from 
the noise generating means to a power spectrum den- 
sity distribution characteristic of the frequency fluctua- 
tions based on the characteristic information set by the 



28 



55 



EP1 164 696 A1 



56 



characteristic information setting means; and convolu- 
tion processing means (28) forconvoluting the result of 
the calculation by the impulse response processing 
means with the missourians white noise signal output 
from the noise generating means to generate a fluctu- 
ating signal sequence having the power spectrum den- 
sity distribution characteristic of the frequency fluctua- 
tions, thereby making it possible to accurately generate 
a clock signal having wander which satisfies a desired 
time deviation characteristic. 

[0418] Also, the wander generator according to the 
aforementioned invention (11) is characterized in that, 
in the wander generator as set forth in the aforemen- 
tioned (10), the impulse response processing means 
corrects an impulse response with a correction function 
corresponding to an error between the power spectrum 
density distribution characteristic of the frequency fluc- 
tuations and the transfer function, thereby making it pos- 
sible to more accurately generate a clock signal having 
wander which satisfies a desired time deviation charac- 
teristic. 

[0419] Also, the wander generator according to the 
aforementioned invention (12) is characterized in that, 
in the wander generator as set forth in the aforemen- 
tioned (10), the convolution processing means prefer- 
entially performs the product sum calculation for smaller 
absolute values of the result of the calculation for the 
impulse response, thereby making it possible to reduce 
errors in floating point calculations. 
[0420] Also, the wander generator according to the 
aforementioned invention (13) is characterized in that, 
in the wander generator as set forth in the aforemen- 
tioned (10), the impulse response processing means is 
configured to perform the calculation for the impulse re- 
sponse each time a white noise signal is output from the 
noise generating means, and the convolution process- 
ing means performs the convolution processing using 
the result of the calculation made each time by the im- 
pulse response processing means, thereby making it 
possible to save the memory and simplify the hardware 
configuration of the apparatus. 

[0421] Also, as to the wander generator according to 
the aforementioned invention (14), in the wander gen- 
erator as set forth in the aforementioned (9), the fluctu- 
ating signal sequence generator unit comprises noise 
generating means (25) for generating a white noise sig- 
nal based on a pseudo random signal; data distributing 
means (51 ) for distributing noise signals output from the 
noise generating means into signal paths respectively 
in accordance with a plurality of bands into which a fre- 
quency range of a power spectrum density distribution 
characteristic of the frequency fluctuations is divided to 
output at rates corresponding to the respective bands; 
weighting means (54) for applying weights in accord- 
ance with the magnitude of spectrum of each of the 
bands into which the frequency band of the power spec- 
trum density distribution characteristic is divided for the 
noise signals at the respective rates distributed by the 



data distributing means; and combining means (56) for 
combining the noise signals at the respective rates 
weighted by the weighting means to generate a fluctu- 
ating signal sequence having the power spectrum den- 

s sity distribution characteristic of the frequency fluctua- 
tions, thereby making it possible to generate a fluctuat- 
ing signal of an arbitrary power spectrum density distri- 
bution characteristic and readily generate a clock signal 
of a complicated TDEV mask characteristic which is dif- 

10 fjcult in calculating the impulse response. 

[0422] Also, as to the wander generator according to 
the aforementioned invention (15), in the wander gen- 
erator as set forth in the aforementioned (1 0), the noise 
generating means has a plurality (m) of sets of pseudo 

1 5 random signal generating means for generating pseudo 
random codes of M sequence at initial phases different 
from one another, and is configured to collect outputs at 
predetermined stages of the respective pseudo random 
signal generating means to output an m-bit parallel 

20 white noise signal, thereby making it possible to make 
the white noise signal extremely close to ideal white 
noise, and more accurately generate a clock signal hav- 
ing wander which satisfies a desired time deviation char- 
acteristic. 

25 [0423] Also, the digital line tester according to the 
aforementioned invention (16) comprises a wander gen- 
erator (21) for generating a clock signal having wander 
which satisfies a defined time deviation characteristic; 
a transmission unit (40) for sending a digital signal syn- 

30 chronized with the clock signal output from the wander 
generator to a digital line under testing; a reception unit 
(41 ) for receiving the digital signal returned from the dig- 
ital line under testing and restoring a clock signal of the 
received digital signal; an error measuring unit (42) for 

35 measuring errors in the digital signal received by the re- 
ception unit; a time deviation measuring unit (43) for 
measuring a time deviation characteristic of the clock 
signal, restored by the reception unit; a display device 
(47); and display control means (46) for displaying the 

40 result of measurements of the error measuring unit and 
the time deviation characteristic measured by the time 
deviation measuring unit on the display unit such that it 
can be compared with the defined time deviation char- 
acteristic, thereby making it possible to readily and effi- 

45 ciently evaluate the wander on the digital line undertest- 
ing and readily compare a change in the wander due to 
the digital line on the display screen. 
[0424] Also, the digital line tester according to the 
aforementioned invention (17) is characterized in that, 

50 in the digital line tester as set forth in the aforementioned 
(1 6), the wander generator is the wander generator set 
forth in the foregoing (9) through (15), thereby making 
it possible to send a digital signal synchronized with a 
clock signal having wander which satisfies a desired 

55 time deviation to the line under testing, correctly evalu- 
ate the line, and reduce the size of the apparatus. 
[0425] Also, the wander generator according to the 
aforementioned invention (18) comprises white noise 
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generating means (121) for generating a digital white 
noise signal; a filter unit (125) having a digital signal for 
storing a digital signal in a plurality of internal storage 
elements while sequentially shifting thereinto and per- 
forming product sum calculations forthe contents stored s 
in the plurality of storage element for converting a noise 
signal output from the white noise generating means to 
a noise signal of a frequency characteristic correspond- 
ing to a previously set characteristic coefficient to output 
the noise signal; characteristic coefficient setting means 10 
(1 30) for setting arbitrary characteristic coefficient in the 
filter unit; a multiplier (1 32) for multiplying a noise signal 
output from the fitter unit by an amplitude coefficient; 
amplitude setting means (1 33) for setting an arbitrary 
coefficient to the multiplier; a frequency synthesizer (51) 15 
for outputting a clock signal which is phase modulated 
by a noise signal output from the multiplier; and initial 
setting means (131) for initially setting a noise signal se- 
quence equivalent to the contents stored in the respec- 
tive storage elements of the digital filter in a state in 20 
which a noise signal of a frequency characteristic cor- 
responding to the characteristic coefficient is being out- 
put from the filter unit in the respective storage elements 
of the digital filter at least in an initial phase of operation 
of the apparatus, so that the internal state of the filter 25 
unit is immediately set in the state identical to the steady 
state in the initial phase of operation and the like, there- 
by making it possible to promptly output a clock signal 
which is phase modulated by a noise signal of afrequen- 
cy characteristic in accordance with a characteristic co- 30 
efficient set by the characteristic coefficient setting 
means. 

[0426] Also, the wander generator according to the 
aforementioned invention (19) comprises white noise 
generating means (121) for generating a digital white 35 
noise signal; a filter unit (125) having a digital signal for 
storing a digital signal in a plurality of internal storage 
elements while sequentially shifting thereinto and per- 
forming product sum calculations for the contents stored 
in the plurality of storage element for converting a noise 40 
signal output from the white noise generating means to 
a noise signal of a frequency characteristic correspond- 
ing to a previously set characteristic coefficient to output 
the noise signal; characteristic coefficient setting means 
(130) for setting arbitrary characteristic coefficient in the 45 
filter unit; a multiplier (1 32) for multiplying a noise signal 
output from the filter unit by an amplitude coefficient; 
amplitude setting means (133) for setting an arbitrary 
coefficient to the multiplier; a frequency synthesizer 
(151) for outputting a clock signal which is phase mod- so 
ulated by a noise signal output from the multiplier; char- 
acteristic calculating means (134, 134') for calculating a 
characteristic of a noise signal output from the multiplier 
or a clock signal output from the frequency synthesizer 
based on a characteristic coefficient set by the charac- 55 
teristic coefficient setting means and an amplitude co- 
efficient set by the amplitude setting means; and char- 
acteristic display means (135) for displaying the char- 



acteristic calculated by the characteristic calculating 
means, so that the characteristic of the noise signal or 
the clock signal can be conveniently known beforehand 
without actually measuring it. 

[0427] Next, an embodiment of a phase noise transfer 
characteristic analyzer according to the present inven- 
tion will be explained. 

[0428] FIG. 40 illustrates the configuration of an em- 
bodiment of a phase noise transfer characteristic ana- 
lyzer 200 corresponding to the phase noise transfer 
characteristic analyzer according to the aforementioned 
invention (20). 

[0429] In FIG. 40, characteristic specifying means 
210 specifies an arbitrary phase noise characteristic R 
including the aforementioned standardized characteris- 
tics through manipulations on a manipulation unit orthe 
like, not shown, and specifies, for example, a character- 
istic of TDEV orthe like for use in evaluating wander. 
[0430] Parameter calculating means 220 in turn cal- 
culates parameters required for test signal generating 
means 230 to generate a test signal for a phase noise 
characteristic specified by the characteristic specifying 
means 210, and outputs the parameters to the test sig- 
nal generating means 230. 

[0431] The test signal generating means 230 gener- 
ates a test signal St having a phase noise characteristic 
determined by parameters calculated by the parameter 
calculating means, and outputs the test signal St from 
an output terminal 200a. 

[0432] Here, the test signal generating means 230 
comprises, for example, a white noise generator unit 
240, a filter 250, a clock modulator 260, and a data gen- 
erator 270, as illustrated in FIG. 41 . 
[0433] The white noise generator 240 in turn outputs 
a digital noise signal N of a white Gaussian nature which 
has the amplitude uniformly distributed over a wide 
band. 

[0434] The white noise generator 240 generates, for 
example, a noise signal by combining or adding outputs 
of a plurality of pseudo random signal generators of the 
same code sequence with the phases of output codes 
shifted from one another such that the codes are not 
correlated with one another. 

[0435] The filter 250, which has a digital filter for stor- 
ing a digital signal sequence while sequentially shifting 
it into a plurality of internal storage elements, performs 
product sum calculations for the contents stored in the 
plurality of storage elements, and converts a noise sig- 
nal N output from the noise generator 240 to a noise 
signal N' of a frequency characteristic corresponding to 
a previously set coefficient and outputs the noise signal 
IM\ 

[0436] The filter 250 used herein may be one com- 
prised of a single digital filter, the frequency coefficient 
of which is determined by a filter coefficient, or that con- 
figured to divide an input signal into bands by a plurality 
of digital filters and multiply signals in the respective 
bands by weighting coefficients for combination. 
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[0437] Also, the clock modulator 260, which is com- 
prised, for example, of DDS, a PLL oscillator or the like, 
has a predetermined center frequency, and outputs a 
clock signal, the phase of which is modulated in accord- 
ance with the noise signal N' from the filter 250 to the 
data generator 270. 

[0438] The data generator 270 outputs a predeter- 
mined pattern signal synchronism with the clock signal 
CK as a test signal St. 

[0439] It should be noted that a pattern signal syn- 
chronized with the clock signal CK from the data gener- 
ator 270 is used herein as the test signal St. 
[0440] Alternatively, the clock signal Ck output from 
the clock modulator 260 may be directly output as a test 
signal without passing through the data generator 270. 
[0441] In the test signal generating means 230 which 
generates a test signal that is phase modulated by a 
noise signal, the band of which is limited by the filter 
250, a phase noise characteristic of the test signal de- 
pends on the characteristics of the filter 250. 
[0442] Then , the characteristics of the filter 250 is de- 
termined by parameters such as the aforementioned fil- 
ter coefficients, weighting coefficients, and the like. 
[0443] For this reason, the parameter calculating 
means 220 calculates a filter coefficient for approximat- 
ing the phase noise characteristic of the test signal St 
to a phase noise characteristic R specified by the char- 
acteristic specifying means 21 0 or a weighting coeffi- 
cient as a parameter which is set in the filter 250. 
[0444] The test signal St generated by the test signal 
generating means 230 is also input to a device 1 under 
analysis through an output terminal 200a as well as in- 
put to first phase noise characteristic measuring means 
300, 

[0445] The first phase noise characteristic measuring 
means 300 measures a phase noise characteristic R' 
output from the test signal generating means 230. 
[0446] In the first phase noise characteristic measur- 
ing means 300, for example, as illustrated in FIG. 42, a 
clock signal CK is first extracted from the test signal St 
by a clock extracting circuit 310. 
[0447] Next, a phase comparator 320 detects a phase 
difference between this clock signal CK and a reference 
clock CKr. 

[0448] Then, a filter 330 extracts a wander component 
or a jitter component from the detected signal. 
[0449] Here, an A/D converter 340 samples the ex- 
tracted signal component at a predetermined sampling 
period for sampling to convert to a digital value. 
[0450] This digital value is output to a characteristic 
calculating unit 350 as TIE data. 
[0451] Alternatively, the clock extracting circuit 310 
may be omitted such that the clock signal CK output 
from the clock modulator 260 of the test signal generat- 
ing means 230 is directly input to the phase comparator 
320. 

[0452] The characteristic calculating unit 350 calcu- 
lates the phase noise characteristic R' of the test signal 



St based on the TIE data. 

[0453] For example, for finding a TDEV characteristic 
of wander, the characteristic calculating unit 350 per- 
forms the following calculation: 

5 

TDEV(t) 
= {(1/6n 2 )(1/m).j = 1 X m [j = i L n + j ~ 1 

10 2 1/2 

(* l + 2n-2X i + n +X j )] 2 } 1 ' 2 

where m = N-3n+1, Xj is the TIE data, N is the total 
number of samples, % is an integration time (x=nx 0 ), n is 
is the sampling number (n = 1 -3/N), t 0 is a sampling pe- 
riod, and the symbol j = 1 Dn represents the total sum 
of j= 1 -m. 

[0454] TDEV(t) is found based on all TIE data over a 
measuring time 12 times a maximum integration time. 

20 [0455] For example, for finding TDEV(1000) for t = 
1 000 seconds when the sampling period t 0 is 1 /80 sec- 
onds (12.5 mS), the above equation is solved using 
measurement data over 1 2000 seconds (80 samples/ 
second x 1000 seconds x 12 = 960000 samples). 

25 [0456] A signal Sr output from the device 1 under 
analysis which has received the test signal St is input to 
second phase noise characteristic measuring means 
400 through an input terminal 200b. 
[0457] The second phase noise characteristic meas- 

30 uring means 400 is identical in configuration to the afore- 
mentioned first phase noise characteristic measuring 
means 300, and measures a phase noise characteristic 
M of the input signal Sr in parallel with the measurement 
of the test signal by the first phase noise characteristic 

35 measuring means 300. 

[0458] It should be noted that, as described later, in- 
stead of the first phase noise characteristic measuring 
means 300, phase noise characteristic calculating 
means 510 may be used for finding the phase noise 

40 characteristic R' of the test signal St based on a param- 
eter output from the parameter calculating means 220 
through a calculation. 

[0459] Approximation error calculating means 410 
calculates a difference between the phase noise char- 
ts acteristic R specified by the characteristic specifying 
means 210 and the phase noise characteristic R' meas- 
ured by the first phase noise characteristic measuring 
means 300 as an approximation error E. 
[0460] Virtual characteristic calculating means 420 
so corrects the phase noise characteristic M measured by 
the second phase noise characteristic measuring 
means 400 with the approximation error E calculated by 
the approximation error calculating means 420 to calcu- 
late a virtual phase noise characteristic M' of a signal 
55 which is output when assuming that the device 1 under 
analysis has received a test signal of the phase noise 
characteristic R specified by the characteristic specify- 
ing means 120. 
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[0461] Display means 430 displays the phase noise 
characteristic R specified by the characteristic specify- 
ing means 300 and the virtual phase noise characteristic 
M' calculated by the virtual characteristic calculating 
means 420 in such a manner that a difference therebe- 
tween can be understood. 

[0462] Assume that the display means includes an im- 
age display and a printer for visibly outputting the char- 
acteristics. 

[0463] Next, the operation of the phase noise transfer 
characteristic analyzer 200 will be explained. 
[0464] First, for analyzing a transfer characteristic for 
the TDEV characteristic of wander as described above, 
the characteristic specifying means 210 specifies a 
characteristic R of TDEV, the slope k of which varies 
from a to p and to y on boundaries located at integration 
times x 1 , t 2, for example, as illustrated in FIG. 43. 
[0465] Responsively, the parameter calculating 
means 220 calculates parameters required for the test 
signal generating means 230 to generate the test signal 
St of a phase noise characteristic approximate to this 
characteristic R based on the integration times x 1 , x 2, 
the value of the slope k, and the like, and sets the pa- 
rameters in the test signal generating means 230. 
[0466] Consequently, the test signal generating 
means 230 generates the test signal St having a char- 
acteristic R' approximate to the characteristic R, as il- 
lustrated in FIG. 43. 

[0467] Then, the test signal St is input to the device 
under analysis 1 through an output terminal 200a. 
[0468] At this time, the first phase noise characteristic 
measuring means 300 is applied with the test signal St. 
[0469] The second phase noise characteristic meas- 
uring means 400 in turn is applied with the output signal 
Sr of the device 1 under analysis through the input ter- 
minal 200b. 

[0470] Here, the respective phase noise characteris- 
tic measuring means 300, 400 measure the phase noise 
characteristic in parallel. 

[0471] Then, as the respective phase noise charac- 
teristic measuring means 300, 400 have ended the 
measurements of the phase noise characteristic, the 
first phase noise characteristic measuring means 300 
generates the characteristic R' of TDEV of the test signal 
St illustrated in FIG. 44. 

[0472] The characteristic R' generated by the first 
phase noise characteristic measuring means 300 is in- 
put to the approximation error calculating means 410 to- 
gether with the characteristic R specified by the charac- 
teristic specifying means 210, thereby calculating the 
approximation error E of the characteristic R" with re- 
spect to the characteristic R, for example, as illustrated 
in FIG. 45. 

[0473] On the other hand, the second phase noise 
characteristic measuring means 400 generates a char- 
acteristic M of TDEV of an output signal Sr which has a 
larger value of TDEV than the characteristic R' of the 
test signal St over the entire range, for example, as il- 



lustrated in FIG. 46. 

[0474] This characteristic M is input to the virtual char- 
acteristic calculating means 42 together with the ap- 
proximation error E. After the approximation error E is 
5 corrected by the characteristic M, a virtual characteristic 
M 1 of an output signal when assuming that a test signal 
of the characteristic R has been input to the device 1 
under analysis is generated, as illustrated in FIG. 47. 
[0475] This virtual characteristic M 1 and the character- 
's istic specified by the characteristic specifying means 
210 are displayed for comparison as illustrated in FIG. 
48. 

[0476] The two characteristics displayed herein are 
not measured characteristics but logical ones. 

15 [0477] Thus, since both correspond to each other, a 
difference therebetween can be correctly seen by sim- 
ply comparing both with each other. 
[0478] In this way, in the phase noise transfer charac- 
teristic analyzer according to this embodiment, the 

20 phase noise characteristic R' of the test signal St actu- 
ally input to the device 1 under analysis, and the phase 
noise characteristic M of the output signal Sr of the de- 
vice 1 under analysis are measured in parallel by the 
first phase noise characteristic measuring means 300 

25 and the second phase noise characteristic measuring 
means 400. 

[0479] Then, the virtual phase noise characteristic M' 
derived from the results of the measurements and the 
specified phase noise characteristic R are displayed 

30 such that the difference therebetween can be seen. 
[0480] It is therefore possible to correctly know the dif- 
ference between the specified phase noise characteris- 
tic R and the virtual characteristic M, i.e., the phase 
noise transfer characteristic of the device 1 under anal- 

35 ysis for the specified phase noise characteristic R in a 
short measuring time. 

[0481 ] Since the foregoing phase noise transfer char- 
acteristic analyzer 200 has two phase noise character- 
istic measuring means 300, 400, the configuration is 

40 rather complicated. 

[0482] Next, a phase noise transfer characteristic an- 
alyzer 500, which improves in this respect, correspond- 
ing to the phase noise transfer characteristic analyzer 
according to the aforementioned invention (21) will be 

45 explained with reference to FIG. 49. 

[0483] This phase noise transfer characteristic ana- 
lyzer 500 employs phase noise characteristic calculat- 
ing means 510 instead of the first phase noise charac- 
teristic measuring means 300 of the aforementioned 

so phase noise transfer characteristic analyzer 200. Since 
the rest of the configuration is identical to the phase 
noise transfer characteristic analyzer 200, the same ref- 
erence numerals are designated, and explanation is 
omitted. 

55 [0484] The phase noise characteristic calculating 
means 510 finds a phase noise characteristic R' of the 
test signal output by the test signal generating means 
230 based on a parameter calculated by the parameter 
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calculating means 220. 

[0485] Specifically, the phase noise characteristic cal- 
culating means 510 performs the following calculations 
for finding the aforementioned characteristics of the 
phase noise such as TDEV, TIErms, MAD EV, ADEV and 
the like: 

TDEV (n x 0 ) 
= {(16/3n 2 )J[sin 6 (7cfni 0 ) 
/sin 2 (7t f t q)] • Sx(f)df) 1/2 

(where n=0, 1, 2, .... N) 

TIErms (t) 
= [8/Sx(f)sin 2 (7if x)df] 1/2 

ADEV(x) 

= [(16/T 2 )/Sx(f)sin 4 (7r f T)dff 
MADEV(n i 0 ) 

= {[16/(n 2 T 0 ) 2 ]J[sin 6 (7ifnT 0 ) 
/sin 2 (jc f t 0 )] • Sx(f)df) 1/2 

(where n=0, 1,2, N) 
Sx(f) 

= fc{(o a .u.A)sin(7if/f s ) 
12 7C fsin(7c f/f c )] 2 • IH(e j * f/fs )l 2 

[0486] The symbol J represents integration for f = 0-f 
= fh; the parameter fh is a maximum frequency of noise; 
x is a measuring time; t 0 is a measurement sampling 
time; <y a is a standard deviation of the white noise; f s is 
a sampling frequency of the white noise generating 
means 121 ; u is a quantization step of DDS when the 
clock modulator 260 is comprised of DDS; and f c is a 
clock frequency of a D/A converter used for binarizing 
the output of the DDS. 

[0487] Also, A is an amplitude coefficient of the noise 
signal N'; IH(el nf/fs )l is a frequency characteristic calcu- 
lated based on the characteristic coefficient output from 
the parameter calculating means 220; and Sx(f) is the 
power spectrum of a time error calculated based on the 
parameter output from the parameter calculating means 
220. 

[0488] As described above, since the phase noise 



characteristic R' calculated using the power spectrum 
Sx(f) of the time error derived from the parameter output 
from the parameter calculating means 220 corresponds 
to the circuit configuration for generating an actual test 
5 signal, it well represents the phase noise characteristic 
of the test signal St. 

[0489] Thus, according to the phase noise transfer 
characteristic analyzer 500, similar to the aforemen- 
tioned phase noise transfer characteristic analyzer 200, 

10 the approximation error E of the phase noise character- 
istic FT of the test signal St with respect to the specified 
phase noise characteristic R is calculated by the approx- 
imation error calculating means 41 0. The phase noise 
characteristic M measured by the phase noise charac- 

15 teristic measuring means 400 is corrected with the ap- 
proximation error E by the virtual characteristic calculat- 
ing means 420 to derive the virtual phase noise charac- 
teristic IvV of a signal output from the device 1 under 
analysis when assuming that a test signal of the speci- 

20 fied phase noise characteristic R is received. Then, the 
virtual phase noise characteristic M' and the specified 
phase noise characteristic R are displayed by the dis- 
play means 43 in such a manner that the difference ther- 
ebetween can be seen, thereby making it possible to 

25 correctly know the difference by a simple comparison 
between the characteristics in a manner similar to the 
foregoing. 

[0490] Also, in this case, since the measurement for 
deriving the characteristic need be made only once, the 
so phase noise transfer characteristic of the device 1 under 
analysis can be correctly known in a short measuring 
time. 

[0491 ] It should be noted that the phase noise transfer 
characteristic analyzers 200, 500 display the specified 

35 phase noise characteristic R and the virtual character- 
istic IvV by the display means 430 in such a manner that 
the difference therebetween can be seen. 
[0492] Alternatively, the difference between the spec- 
ified phase noise characteristic R and the virtual char- 

40 acteristic IvT may be calculated by a processor, the result 
may be output as a graph or numerical values in the 
manner described above. 

[0493] As explained above, the phase noise transfer 
characteristic analyzer according to the aforementioned 

45 invention (20) comprises characteristic specifying 
means for specifying an arbitrary phase noise charac- 
teristic; parameter calculating means for calculating a 
parameter required to generate a test signal of a phase 
noise characteristic specified by the characteristic spec- 

50 ifying means; test signal generating means for generat- 
ing a test signal having the phase noise characteristic 
based on a parameter calculated by the parameter cal- 
culating means; first phase noise characteristic meas- 
uring means for measuring a phase noise characteristic 

55 of the test signal generated by the test signal generating 
means; an output terminal for outputting the test signal 
generated by the test signal generating means to an ex- 
ternal device under analysis; an input terminal for input- 
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ting a signal output from the device under analysis which 
has received the test signal; second phase nois char* 
acteristic measuring means for measuring a phase 
noise characteristic of a signal input from the input ter- 
minal in parallel with the measurement of the phase 5 
noise characteristic for the test signal by the first phase 
noise characteristic measuring means; approximation 
error calculating means for calculating a difference be- 
tween the phase noise characteristic specified by the 
characteristic specifying means and the phase noise 10 
characteristic measured by the first phase noise char- 
acteristic measuring means as an approximation error; 
and virtual characteristic calculating means for calculat- 
ing a virtual phase noise characteristic of a signal output 
when assuming that the device under analysis has re- 15 
ceived a test signal of the phase noise characteristic 
specified by the characteristic specifying means, there- 
by making it possible to know the difference between 
the phase noise characteristic specified by the charac- 
teristic specifying means and the virtual phase noise 20 
characteristic calculated by the virtual characteristic cal- 
culating means. 

[0494] Also, the phase noise transfer characteristic 
analyzer according to the aforementioned invention (21) 
comprises characteristic specifying means for specify- 25 
ing an arbitrary phase noise characteristic; parameter 
calculating means for calculating a parameter required 
to generate a test signal of a phase noise characteristic 
specified by the characteristic specifying means; test 
signal generating means for generating a test signal so 
having the phase noise characteristic based on a pa- 
rameter calculated by the parameter calculating means; 
phase noise characteristic calculating means for calcu- 
lating a phase noise characteristic of the test signal gen- 
erated by the test signal generating means; an output 35 
terminal for outputting the test signal generated by the 
test signal generating means to an external device un- 
der analysis; an input terminal for inputting a signal out- 
put from the device under analysis which has received 
the test signal; phase noise characteristic measuring *o 
means for measuring a phase noise characteristic of a 
signal input from the input terminal; approximation error 
calculating means for calculating a difference between 
the phase noise characteristic specified by the charac- 
teristic specifying means and the phase noise charac- 45 
teristic measured by the phase noise characteristic 
measuring means as an approximation error; and virtual 
characteristic calculating means for correcting the 
phase noise characteristic measured by the second 
phase noise characteristic measuring means with the so 
approximation error calculated by the approximation er- 
ror calculating means to calculate a virtual phase noise 
characteristic of a signal output when assuming that the 
device under analysis has received a test signal of the 
phase noise characteristic specified by the characteris- 55 
tic specifying means, thereby making it possible to know 
the difference between the phase noise characteristic 
specified by the characteristic specifying means and the 



virtual phase noise characteristic calculated by the vir- 
tual characteristic calculating means. 
[0495] Thus, according to the phase noise transfer 
characteristic analyzers of the aforementioned inven- 
tions (20) and (21), it is possible to correctly know the 
difference between the phase noise characteristic spec- 
ified by the characteristic specifying means and the vir- 
tual phase noise characteristic calculated by the virtual 
characteristic calculating means, i.e., the phase noise 
transfer characteristic of the device under analysis for 
the specified phase noise characteristic in a short meas- 
uring time. 

[0496] Therefore, according to the present invention, 
it is possible to provide a wander generator which is ca- 
pable of readily and accurately generating a clock signal 
having wander of a desired characteristic, and a digital 
line tester using the wander generator. 
[0497] Also, according to the present invention, it is 
possible to provide a phase noise transfer characteristic 
analyzer which is capable of correctly evaluating a spec- 
ified characteristic in a short measuring time, for exam- 
ple, using the wander generator which is capable of 
readily and accurately generating a clock signal having 
wander of a desired characteristic. 



Claims 

1. A wander generator comprising: 

random number generating means for sequen- 
tially generating a random number signal com- 
prised of a plurality of bits at a constant rate in 
accordance with a predetermined algorithm; 
a filter unit for receiving a sequence of random 
number signals output from said random 
number generating means for performing filter- 
ing; 

clock generating means for generating a clock 
signal; 

modulating means for modulating the frequen- 
cy of the clock signal generated by said clock 
signal generator by a signal output from said 
filter unit; and 

setting means for setting each amplitude value 
for a spectrum of a signal sequence output from 
said filter unit such that the characteristic of 
wander of the clock signal having the frequency 
modulated by said modulating means matches 
a desired characteristic. 

2. A wander generator according to claim 1 , charac- 
terized in that said random signal generating 
means has a plurality of pseudo random signal gen- 
erator, wherein said plurality of pseudo random sig- 
nal generators combine pseudo random signals 
generated thereby respectively, and is configured 
to sequentially generate random number signals 
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comprised of the plurality of bits at a constant 
speed. 

A wander generator according to claim 1 , charac- 
terized in that said filter unit includes a plurality of 5 
storage elements for storing an input signal se- 
quence while sequentially shifting it; and calculating 
means for performing a product sum calculation of 
stored values stored in said plurality of storage el- 
ements with a plurality of coefficients. 10 

A wander generator according to claim 3, charac- 
terized in that said filter unit is configured to store 
a random numbersignal sequence outputfrom said 
random number generating means in said plurality 15 
of storage elements, perform the product sum cal- 
culation by means of said calculating means, and 
filter the random numbersignal sequence, 

said setting means sets the plurality of coeffi- 
cients in said calculating means as signals for set- 20 
ting respective amplitude values for spectra of the 
signal sequence output from said filter unit. 

A wander generator according to claim 3, charac- 
terized in that said filter unit comprises: 25 



7. A wander generator according to claim 1 , charac- 
terized by further comprising: 

characteristic calculating means for calculating 
a characteristic of wander in a clock signal fre- 
quency-modulated by said modulating means 
based on information including a signal set in 
said filter unit from said setting unit; and 
characteristic display means for displaying the 
characteristic calculated by said characteristic 
calculating means. 

8. A digital line tester comprising: 

a wander generator unit for generating a test 
signal having wander; and 
a wander measuring unit for evaluating a signal 
passing through a digital line under testing from 
said wander generator unit, 

characterized in that: 

said wander generator unit includes the wander 
generator according to any of claims 1 through 
7; and 

said tester is configured to output a test signal 
synchronized with a clock signal output from 
said wander generator. 

A wander generator for generating a clock signal 
having wander which satisfies a desired time devi- 
ation characteristic, characterized by comprising: 

center frequency information setting means for 
setting data for determining a center frequency 
of the clock signal; 

characteristic information setting means for 
setting characteristic information of the desired 
time deviation characteristic; 
a fluctuating signal sequence generator unit for 
generating a fluctuating signal sequence hav- 
ing a power spectrum density distribution char- 
acteristic of frequency fluctuations correspond- 
ing to the desired time deviation characteristic 
based on characteristic information set by said 
characteristic information setting means; 
an adder for adding data set by said center fre- 
quency information setting means to the fluctu- 
ating signal sequence output from said fluctu- 
ating signal sequence generator unit; 
a direct digital synthesizer for outputting a fre- 
quency signal corresponding to an output of 
said adder; and 

a clock signal output circuit for waveform shap- 
ing an output signal of said direct digital synthe- 
sizer to output a clock signal. 

I. A wander generator according to claim 9, charac- 



data distributing means for distributing the ran- 
dom number signal sequence generated by 
said random number signal generating means 
into a plurality of paths having different rates 30 g. 
from each other; 

weighting means for weighting a signal se- 
quence for each of the paths distributed by said 
data distributing means with a previously set 
coefficient for each of the paths; and 35 
combining means for combining the signal se- 
quences on the respective paths weighted by 
said weighting means by means of a plurality 
of sub-band combiners comprised of a plurality 
of storage elements and calculating means and <*o 
for outputting the result of the combination as 
the result of filtering, and 
said setting means sets the plurality of weight- 
ing coefficients in said weighting means of said 
filter unit as signals for setting respective am- 45 
plitude values for spectra of the signal se- 
quence output from said filter unit. 

A wander generator according to claim 3 or 5, char- 
acterized by further comprising initial setting 50 
means for initially setting values equivalent to 
stored values stored in said respective storage el- 
ements in a steady state in which the clock signal 
having the wander of the desired characteristic is 
being output to said respective storage elements in- 55 
eluded in the filter unit at least in an initial phase of 
operation of said apparatus through a path different 
from a signal input path in the steady state. 10 
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terized In that said fluctuating signal sequence 
generator unit comprises: 

noise generating means for generating a white 
noise signal based on a pseudo random signal; 5 
impulse response processing means for calcu- 
lating an impulse response of a transfer func- 
tion for approximating a power spectrum of a 
white noise signal output from said noise gen- 
erating means to a power spectrum density dis- 10 
tribution characteristic of the frequency fluctu- 
ations based on the characteristic information 
set by said characteristic information setting 
means; and 

convolution processing means for convoluting is 
the result of the calculation by said impulse re- 
sponse processing means with the missourians 
white noise signal output from the noise gener- 
ating means to generate a fluctuating signal se- 
quence having the power spectrum density dis- 20 
tribution characteristic of the frequency fluctu- 
ations. 

1 1 . A wander generator according to the claim 1 0, char- 
acterized in that said impulse response process- 25 
ing means corrects an impulse response with a cor- 
rection function corresponding to an error between 
the power spectrum density distribution character- 
istic of the frequency fluctuations and the transfer 
function. 30 

12. A wander generator according to claim 1 0, charac- 
terized in that said convolution processing means 
preferentially performs the product sum calculation 

for smaller absolute values of the result of the cal- 35 
culation for the impulse response. 

13. A wander generator according to claim 1 0, charac- 
terized in that said impulse response processing 
means is configured to perform the calculation for 40 
the impulse response each time a white noise signal 

is output from the noise generating means; and 

said convolution processing means performs 
the convolution processing using the result of the 
calculation made each time by the impulse re- 45 
sponse processing means. 

14. A wander generator according to claim 9, charac- 
terized in that said fluctuating signal sequence 
generator unit comprises: so 

noise generating means for generating a white 
noise signal based on a pseudo random signal; 
data distributing means for distributing noise 
signals output from said noise generating ss 
means into signal paths respectively in accord- 
ance with a plurality of bands into which a fre- 
quency range of a power spectrum density dis- 



tribution characteristic of the frequency fluctu- 
ations is divided to output at rates correspond- 
ing to the respective bands; 
weighting means for applying weights in ac- 
cordance with the magnitude of spectrum of 
each of the bands into which the frequency 
band of the power spectrum density distribution 
characteristic is divided for the noise signals at 
the respective rates distributed by said data 
distributing means; and 
combining means for combining the noise sig- 
nals at the respective rates weighted by said 
weighting means to generate a fluctuating sig- 
nal sequence having the power spectrum den- 
sity distribution characteristic of the frequency 
fluctuations. 

15. A wander generator according to claim 10 or 14, 
characterized in that said noise generating means 
has a plurality (m) of sets of pseudo random signal 
generating means for generating pseudo random 
codes of M sequence at initial phases different from 
one another, and is configured to collect outputs at 
predetermined stages of said respective pseudo 
random signal generating means to output an m-bit 
parallel white noise signal. 

16. A digital line tester comprising: 

a wander generator for generating a clock sig- 
nal having wander which satisfies a defined 
time deviation characteristic; 
a transmission unit for sending a digital signal 
synchronized with the clock signal output from 
said wander generator to a digital line under 
testing; 

a reception unit for receiving the digital signal 
returned from said digital line undertesting and 
restoring a clock signal of the received digital 
signal; 

an error measuring unit for measuring errors in 
the digital signal received by said reception 
unit; 

a time deviation measuring unit for measuring 
a time deviation characteristic of the clock sig- 
nal restored by said reception unit; 
a display device; and 

display control means for displaying the result 
of measurements of said error measuring unit 
and the time deviation characteristic measured 
by said time deviation measuring unit on said 
display unit in such a mannerthat it can be com- 
pared with the defined time deviation charac- 
teristic. 

17. A digital line tester according to claim 16, charac- 
terized in that said wander generator is the wander 
generator according to any of claims 9 through 15. 
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18. A digital line tester comprising: 

white noise generating means for generating a 
digital white noise signal; 

a filter unit having a digital signal for storing a 5 
digital signal in a plurality of internal storage el- 
ements while sequentially shifting therein and 
performing product sum calculations for the 
contents stored in said plurality of storage ele- 
ment for converting a noise signal output from io 
said white noise generating means to a noise 
signal of a frequency characteristic corre- 
sponding to a previously set characteristic co- 
efficient to output the noise signal; 
characteristic coefficient setting means (130) 15 
for setting arbitrary characteristic coefficient in 
said filter unit; 

a multiplier for multiplying a noise signal output 
from said filter unit by an amplitude coefficient; 
amplitude setting means for setting an arbitrary 20 
coefficient to the multiplier; 
a frequency synthesizer for outputting a clock 
signal which is phase modulated by a noise sig- 
nal output from said multiplier; and 
initial setting means for initially setting a noise 25 
signal sequence equivalent to the contents 
stored in the respective storage elements of 
said digital filter in a state in which a noise sig- 
nal of a frequency characteristic corresponding 
to the characteristic coefficient is being output 30 
from said filter unit in the respective storage el- 
ements of said digital filter at least in an initial 
phase of operation of said apparatus. 



19. A digital line tester comprising: 



35 



white noise generating means for generating a 
digital white noise signal; 
a filter unit having a digital signal for storing a 
digital signal in a plurality of internal storage el- 40 
ements while sequentially sh ifting therei nto and 
performing product sum calculations for the 
contents stored in said plurality of storage ele- 
ment for converting a noise signal output from 
said white noise generating means to a noise 45 
signal of a frequency characteristic corre- 
sponding to a previously set characteristic co- 
efficient to output the noise signal; 
characteristic coefficient setting means for set- 
ting arbitrary characteristic coefficient in the fil- 50 
ter unit; 

a multiplier for multiplying a noise signal output 
from said filter unit by an amplitude coefficient; 
amplitude setting means for setting an arbitrary 
coefficient to said multiplier; 55 
a frequency synthesizer for outputting a clock 
signal which is phase modulated by a noise sig- 
nal output from said multiplier; 



characteristic calculating means for calculating 
a characteristic of a noise signal output from 
said multiplier or a clock signal output from said 
frequency synthesizer based on a characteris- 
tic coefficient set by said characteristic coeffi- 
cient setting means and an amplitude coeffi- 
cient set by said amplitude setting means; and 
characteristic display means for displaying the 
characteristic calculated by said characteristic 
calculating means. 

20. A phase noise transfer characteristic analyzer com- 
prising: 

characteristic specifying means for specifying 
an arbitrary phase noise characteristic; 
parameter calculating means for calculating a 
parameter required to generate a test signal of 
a phase noise characteristic specified by said 
characteristic specifying means; 
test signal generating means for generating a 
test signal having the phase noise characteris- 
tic based on a parameter calculated by said pa- 
rameter calculating means; 
first phase noise characteristic measuring 
means for measuring a phase noise character- 
istic of the test signal generated by said test sig- 
nal generating means; 

an output terminal for outputting the test signal 
generated by said test signal generating means 
to an external device under analysis; 
an input terminal for inputting a signal output 
from the device under analysis which has re- 
ceived the test signal; 

second phase noise characteristic measuring 
means for measuring a phase noise character- 
istic of a signal input from said input terminal in 
parallel with the measurement of the phase 
noise characteristic for the test signal by said 
first phase noise characteristic measuring 
means; 

approximation error calculating means for cal- 
culating a difference between the phase noise 
characteristic specified by said characteristic 
specifying means and the phase noise charac- 
teristic measured by said first phase noise char- 
acteristic measuring means as an approxima- 
tion error; and 

virtual characteristic calculating means for cor- 
recting the phase noise characteristic meas- 
ured by said second phase noise characteristic 
measuring means with the approximation error 
calculated by said approximation error calculat- 
ing means to calculate a virtual phase noise 
characteristic of a signal which is output when 
assuming that the device under analysis has re- 
ceived a test signal of the phase noise charac- 
teristic specified by said characteristic specify- 
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ing means, 

characterized by making it possible to know 
the difference between the phase noise character- 
istic specified by said characteristic specifying s 
means and the virtual phase noise characteristic 
calculated by said virtual characteristic calculating 
means. 

21 . A phase noise transfer characteristic analyzer com- 10 
prising: 

characteristic specifying means for specifying 
an arbitrary phase noise characteristic; 
parameter calculating means for calculating a 15 
parameter required to generate a test signal of 
a phase noise characteristic specified by said 
characteristic specifying means; 
test signal generating means for generating a 
test signal having the phase noise characteris- 20 
tic based on a parameter calculated by said pa- 
rameter calculating means; 
phase noise characteristic calculating means 
for calculating a phase noise characteristic of 
the test signal generated by said test signal 25 
generating means; 

an output terminal for outputting the test signal 
generated by said test signal generating means 
to an external device under analysis; 
an input terminal for inputting a signal output 30 
from the device under analysis which has re- 
ceived the test signal; 

phase noise characteristic measuring means 
for measuring a phase noise characteristic of a 
signal input from said input terminal; 35 
approximation error calculating means for cal- 
culating a difference between the phase noise 
characteristic specified by said characteristic 
specifying means and the phase noise charac- 
teristic measured by said phase noise charac- 40 
teristic measuring means as an approximation 
error; and 

virtual characteristic calculating means for cal- 
culating a virtual phase noise characteristic of 
a signal output when assuming that the device 45 
under analysis has received a test signal of the 
phase noise characteristic specified by said 
characteristic specifying means, 

characterized by making it possible to know the dif- so 
ference between the phase noise characteristic 
specified by said characteristic specifying means 
and the virtual phase noise characteristic calculated 
by said virtual characteristic calculating means. 
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